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OBJECTIVES

Project:

In April 1980, a Mission Assurance Conference was sponsored jointly by the Air Force Space Division
and Industry to discuss fundamental issues that would enhance spacecraft mission success. The
1980 Mission Assurance Conference resulted in the implementation by management of many of the
recommendations generated in the conference. Because of the success in 1980, the Space Com-

munity consisting of Air Force Space Division, NASA and Industry Associations, NSlA and AIA
have mutually agreed to conduct Mission Assurance-1983 to further explore the issues affecting
both Government and Industry which inhibit mission success on Space Programs. Issues in pro-
gram management, design, procurement craftsmanship, test effectiveness, motivation, development
process and in other areas affecting mission success will be openly discussed and analyzed in
workshops with audience participation. The final objective will be recommendations from the
workshops directed at both Government and Industry management for implementation.

Goals:

• Identification of obstacles and counter-productive practices having an effect on mission
attainment.

• Development of cost effective approaches or better utilization of information and resources to
enhance mission success.

• Determination of new or better application of existing techniques providing a forcing function
to mission risk minimization.

Conference:

The purpose of this conference is to provide the broadest exposure and most time efficient means

of exploring significant tasks necessary to achieve mission assurance. This conference allows us
to utilize the aggregate technical and managerial talents of Government and Industry to provide
recommendations and guidelines in areas of their major concern.

The conference objectives are to:

1. Siimulate exchange of ideas between Industry and Government on management/

technical/acquisition support aspects of mission assurance.

2. Provide a forum through which the total community can impact and address problem areas.

3. Provide a continuance to the next Space Division�NASA�Industry Mission Assurance Conference.
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MISSION ASSURANCE CONFERENCE KEYNOTE SPEE(_

Earlier this month I attended the Bottom Line II Conference sponsored by the

Defense Logistics Agency. The "bottom line" that meeting focused on was the reliable

performance of weapons and support systems provided to the Armed Services.

Performance assurance was the objective. Our bottom line...Mission Assurance, is not

much different--and behind both of these definitions lie a whole family of

"assure_rices" involving products, operations, .maintepance and people. This third

Mission Assurance Conference has particular importance because it looks forward to a

new era for all of us, highlighted by not just the introduction of our operational

Space Transportation System but by the fact that our national dependence upon it

mandates that its continued operational status must be assured. It means addressing

new environments, solving new problems, meeting new challenges for mission success.

The community represented by all of you, NASA, the Department of Defense, and

industry, has a common objective which, because of the character of the Space Shuttle,

requires closer working relationships than in the past, dealing not only with the

technical demands of the system itself, but also dealing with the institutions within

which we work. Some of these changes come about because of new partnerships we are

developing in operation of the Shuttle--with a wide variety of users whose equipment

compatibility with the Shuttle is as widely varied--with the Air Force in operating

the Western Test Range and using the IUS; with ESA in using the Spacelab; and with

industry as supplier and service contractor. The inspection and quality control

requirements and maintenance of a 24 flight per year operation add whole new dimen-

sions to our space program. Other changes will be driven by institutional factors,

such as, initiation of a unified Shuttle processing contract at KSC or adoption of

government-wide federal procurement regulations.

While there are new challenges that result from re-use of STS hardware,

unique logistics considerations, and the requirement for maintainability both of the

STS and of the systems we put into space, from the mission assurance standpoint we



still have old problemsto deal with as well. History repeats itself sufficiently so

that continued recognition of opportunities for failure as demonstrated by past

experience is required. We still drop wrenches into space hardware; it is still

possible to leave O-rings out of seals; there's the growing danger of a complacency

with repeated operations that compounds the technical complexity of the systems we

deal with. But we're not alone in our attention to assurance questions. This

country has becorae increasingly aware that product improvement is mandatory for our

national economic health in a world that has become increasingly competitive with

once unchallenged U.S. technology. In the long run, the heart of product improvement

is quality assurance--the end game of quality assurance--mission assurance.

The consciousness developed by the last Mission Assurance Conference and

echoed in proliferating similar forums has increasingly affected, or perhaps just

re-forcussed, our attention. But we have not achieved 100% mission successes, either

with the Shuttle or other systems, iandsat D, the IUS, the Shuttle engine leaks, the

first EVA suits, the booster recovery failure of STS-3, as well as some defense system

mishaps, all remind us of the difficulties inherent in the sophisticated technologies

we deal with. But we also do have remarkable successes: the continuing record of

Shuttle performance, 35 straight successful Delta rockets, recovery of the TDRSS

mission, and many others. However, the impact of the losses--not only lost dollars

but also data and hardware--are not just perceptions but demand our continuing atten-

tion to most of the old issues and a variety of new needs. And in NASA they have

begun to emerge in some initiatives of recent months. Our strong concern with

workmanship standards, EEE parts and the like will continue and in the latter area we

look forward to new cooperation with industry DCAS, DESC, and AFSD. New areas include

the development of an agency-wide software management and assurance program, scoping

of a materials assurance program, initiatives to develop new assurance technology

(e.g., NDE for conlposites and VLSI) and a systenkatic look at the maintainability of
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systems--both for a potential space station and for the retrievable spacecraft that

we'll use in the Shuttle. Some recent failures have prompted us to recognize that

in some cases, major changes have been made in our approach to systems development

as a result of cost pressures that have had real bearing on our "mission assurance,"

particularly in reduction of test units. We are just beginning extensive re-reviews

of how we and our contractors are doing business (e.g., the extent of required

testing, independent reviews, etc.), we are addressing re-development of NASA-wide

flight certification standards, as well as placing new emphasis on productivity

improvement through quality enhancement. The last is taking place under an activity

directed by the NASA Administrator, PIQE is examining both NASA internal operations

and relations with contractors including NASA/contractor communications, technical

reviews, contractual actions, incentives, standardization, front-end manufacturing

considerations and NASA]contractor/subcontractor requirements. And recognizing the

growing international nature of our space program, we are looking at ways to simplify

our interfaces with ESA, e.g., inter-agency cross-referencing of NASA and ESA specs

and standards.

With respect to the Space Transportation System, while we must strive for

less detailed NASA control of user payloads if the Shuttle is to achieve the

flexibility and low cost operation that has been our goal, we must maintain high

assurance of payload safety and performance--at least to the extent that they can

affect the Shuttle, its other payloads and mission objectives. That takes shared

standards of quality and mission assurance objectives by Government, users, and

contractors.

Mission Assurance requires setting high standards and meeting them. It re-

quires that those standards are understood by customers, contractors, and the

personnel that make up their organizations. And for those personnel, there must be



an expectation that meeting those standardswill satisfy their needsas individuals

and as membersof their respective organizations. This means pride in organization,

its products and achievements.

Tom Muffin, President of Westinghouse Electric's Public Systems Con_pany, and

initiator of its pioneering productivity center, recently said that productivity is

largely determined by quality. Mission success is the equivalent in our business and

it too is governed by quality. This quality ,_ast apply to all aspects of the process

that yields mission success. This is nfission assurance. It starts with concept and

systems design. It must be reflected in the design rooms, in manufacturing, test

assembly and operations. Deficiencies at any of these levels breed defects at the

next. Mission assurance requires co,_nitment to quality at all levels of the program

and of the management of programs and cognizant institutions. In this new era of

space transportation and exploitation of that capability, all these elements and the

programs they relate to provide increasingly conplex challenges to all of us. This

Mission Assurance Conference is structured in recognition of this. The 10 workshops

involve many of the lead people in the nation in their designated areas, plus this

meeting affords us all a unique and timely opportunity to participate in assessing and

shaping where "mission assurance" goes from here in those areas of interest and

importance to all of us. Regardless of your particular interests, however, there is a

common tie among all of the workshops--and that is their address to quality and

excellence. That is also our common tie as individuals. So let us work together over

the next few days as a precursor of what must be a continuing cooperation in solving

our "community' s" problems and leading the way toward 100% mission success. Our

challenge as participants is to identify key issues, develop realistic assessments

and recommendations and then translate these, when we leave, into reality--into true

mission assurance, l_e time is right. Let's take advantage of our mutual objectives

and let this conference help point the way to the future.
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General Session

Industry Keynote

G. W. Jeffs

President, North American Space Operations

Rockwell International

Abstract

The continued striving for quality improvement is

critical to hardware and mission objectives, and in military

systems it is also fundamental to maintaining the freedom of

our nation. Four areas significant to the quality process

are emphasized: 1) design and test (drawings and process

specifications, configuration management, design reviews,

test conditions and requirements); 2) fabrication (planning

tickets, verification, adequacy of tools, material review

system, and understanding of hardware by subcontractors);

3) checkout (testing sequence and procedures); and 4)

operations (integrated processes and ground har.-lling of

hardware. The issue of quality is people--the co_cern of

the individual for quality, the concern of the individual as

a participant on a team, and the concern of the team for

total quality.
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General Mc Cartney provided an Overview of his recent assignment

as Commander Space Division and Vice Commander, Space Command.

He shared his viewpoint that his predecessor, Lt. General Richard

C. Henry had assembled an efficient and smooth functioning organi-

zation, well staffed with competent people during his tenure as

Space Division Commander. Therefore, he sees no reason to make

any changes at this time. General Mc Cartney stated that in the

coming year he would continue to emphasize two major items; Mission

Assurance, and Cost Control. The bottom line in the space business

is to have successful missions while at the same time keeping costs

under control. Working Conferences such as this hel_ us meet these

goals by allowing both Government and Industry to share both good

and bad experiences and working on solutions to mutual problems.

A review of the history of space activities from the late 50's

through early 1983 reveals that space exploration is now a nation-

ally recognized reality. The early periods of experimentation and

exploration have given way to consolidation of what we have learned

in those periods for the exploitation of space and the deployment

of operational systems for: Navigation; Communications; Weather

Reconnaissance; and Surveillance. Space Systems are now recog-

nized as having an indispensable role in combat capabilities.

In the early days of experimentation and exploration some degree

Of failures were expected, accepted and tolerated, ilowever, this

is no longer true, we have now built such a good track record in

space that more is expected of the space community. Risks are

being taken now that would not have been considered years ago.

Deployment of operational systems without the benefit of long

qualification and development programs places a heavy burden on

both Government and Industry Managers. In the 80's, there will

not be the tolerance for failures that we experienced in the

1960's or even what we tolerated in the 1970's. This means that

Mission Assurance, along with good cost control is a primary goal.



Oneof the products of the Space Division Product Assurance Program

is the Mission Assurance Conference which gets people together to

share experiences and to try finding ways to improve mission suc-

t:ees, there are many facets to mission success, including all the

_,u_Jects covered in the Mission Assurance Conference Workshops.

The Space Division will continue to emphasize these programs. How-

ever, the burden is on management to see that the standards are

set and each Job is done right the first time. In the space busi-

ness, the opportunity to fix a problem the second time around does

not occur. Every step in designing, building and launching a

spacecraft is important to do correctly from the first day.

Management must set the standards to assure this attitude prevails

throughout the entire life cycle. While the overall track record

of space mission success is good, in the future all the benefits

we learned in the past must be improved upon. We must continue to

share experiences and search for ways to do our job better, for

less. The bottom line is we must provide quality products at the

best price for our customer--The American People.
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STS OPERATIONS WORKSHOP

CHAIRMEN : Dick Colonua, 713/483-5193

Manager of Program Operations Office
NASA JSC

Marry Adams, 213/594-3894

Division Director, Design & Product Assurance
Rockwell International

COORDINATOR: Pete Leonard, 213/922-I040

Rockwell International

INTRODUCTION

The purpose of this workshop was to
thoroughly discuss the area of Shuttle

operations. The workshop informed

attendees of current policy and future
plans. Areas known to be difficult

and not fully understood were dis-

cussed, with the objective of

identifying improvements and providing

specific reconnnendations.

Typical topics included:

o System Safety Requirements

o Safety Certification Process

o NASA/DoD Schedule Protection/

Turnaround

o Payload Manifest Process

o Identification of Potentially

Unnecessary Requirements

The workshop format included presenta-

tions of experience sharing and policy

by Government and Industry.

Issues were raised, debate was vigor-

ous, and the workshop participants had

the opportunity to work closely on

specific issues in order to arrive at

conclusions and reco-,,endations.

Shuttle launch, is to repair in orbit

the Modular Attitude Control System.

If successful, this repair will enable

the SSM Observatory to once again be

capable of precision pointing.

The SSM is unique in that it was the

first spacecraft designed to be cap-

tured, retrieved, launched, or serviced

by the STS. its modular construction

is designed specifically for EVA

purposes.

The repair of the SSM Observatory

will demonstrate STS capability for

maintenance and repair and lead the way

in demonstrating that "throwaway"

spacecraft need not be any longer.

2. CARGO OPERATIONS/CUSTOMER/

INTERFACES

Bill Husonica, _ASA KSC

The KSC organization and interfaces

with other Government agencies and

Industry were identified. The process-

ing flow from "intent to fly" to

hardware delivery and from hardware

delivery to launch was described.

Manifest concerns and customer con-

cerns were discussed.

SYNOPSIS OF PRESENTATIONS

Except for one presentation for which a

paper was submitted, the remainder con-

sisted of briefings. The presentations

are summarized below.

l - SOLAR MAXIMUM REPAIR MISSION

Michael Bay, Fairchild Space Co.

The purpose of the Solar Max Repair

Mission, which is planned for the STS-13

A-1

The requirements for Interface Control

Drawings (ICDs) and Flight Safety

Reviews were discussed as well as Cargo

Level and Vehicle Level Readiness

Reviews and Post Launch feedback.

As a result of mutual concerns, KSC

identified specific enhancements for

facilities, payload processing, and

launch processing in order to be able

to meet the goal of 30 launches per

year.



3 - STS-5 PAYLOAD OPERATIONS

Bernard Bienstock, Hughes Aircraft

A scenario of events was presented,

spanning the activities required to

test, ship, integrate the payloads,

perform pad testing, and launch the
ANIK "3" and SBS communication satel-

lites. Some of the problems encoun-

tered with the multitude of interface

checks, duplication of testing, and

the potential cost imposed upon a

contractor because of launch delays

were discussed. A key lesson was to

gain early involvement of the payload

developer in the definition of inter-

face test requirements.

4 - STS PAYLOAD INTEGRATION

Dick Moke, NASA JSC

The objectives of the STS integration

process are to establish a system to

accommodate both complex and simple

payloads. For instance, in the case

of simple payload, interfaces are

minimized as much as possible. In

the first 40 STS flights, there are

lOl payloads of which 63 will be

different. In order to accommodate

this quantity of payloads, Payload

Integration Plans (PIPs) ICDs Imst

be developed and customers must be

made aware of the detail necessary to

configure STS flight and ground sys-

tems and of the NASA safety require-

ments and the flight review process.

The payload integration management
function was identified in terms of

Engineering and Operations working

groups and the PIP annex book

managers.

Projected efficiencies in the payload

integration process were also des-

cribed.

5 - STS-6 PAYLOAD CONTAMINATION

PROBLEM

Bruce Aaront, Space Comm. Co.

The TDRS communication satellite

which was launched on STS-6 encount-

ered a potentially serious contamina-

tion problem. This was caused by a
combination of factors. One was that

the payload was in the change-out

room for a much longer period than

had been anticipated (47 days actual

versus 20 days predicted).

The second was the fact that a severe

storm hit the launch site with winds up

to 57 knots. This caused the barriers

which seal the cargo bay to the payload

change-out room to open, thus allowing

moist air and contaminants to flow into

the room. Factor No. 3 was attributed

to human error when someone inadvertent-

ly turned on the hypergolic fuel vent

fans. This caused all the contamination

to swirl for about 4 hours before it was

discovered.

As a result of this experience, numerous

changes are to be made to try to pre-

vent future contamination problems.

For instance, increase in the change-out

room static pressure is to be instituted

so that in the event of high external

winds, enough positive pressure will

exist to prevent contamination from

blowing in.

The message is clear, however, the pay-

load change-out room is a working area,

it is a clean room but not a room free

of contamination (white room). Conse-

quently, payload users should make

allowances in their design for contam-

ination potentials which exceed "white
room" levels.

6 -MANIFESTING FOR THE STS

Bob Everline, NASA JSC

The goals of the manifesting process

are to be responsive to user require-

ments, maximize the utilization of the

STS, and minimize turnaround and cost.
The factors which affect the manifest-

ing process are flight rate, systems

capability, and limited resources.

Any changes in these elements auto-

matically cause change in the

manifesting process.

A-2

7 - SPACE SHUTTLE - A NEW ERA OF

SPACE CAPABILITY

Sandy Sanborn, Rockwell

The purpose of this presentation was t
provide an update of STS capability and

review progress in turnaround improvements



The space transportation system
capabilities highlights which were
discussed are:

o Emergency repair capability
o Sortie missions (with equip-

uent retained in payload bay)

o Teleoperator _neuverin8
o Expanded utility assembly
o Placement & recovery of

satellites
o Extended mission capability

Successful examples affecting turn-
around improvements such as test
requirements deletion, TPS improve-
ments, and si_ltaneous hazardous
fluid servicing were identified.

8 - v.A ..EssE G,L CS  XNG
SITE

Fred Rochez, USAF

The need for a West Coast site

capable of providing Polar launches
wasdlscussed. Vandenber S best
satisfies the site selection

criteria. Vandenberg is now beins
readied to have an STS initial

launch capability in October 1985.

The Vandenberg organization, its
interfaces wlth NASA and Industry
were discussed.

The operations concept of Vanden-
berg and the changes to the ESC
mode of operationwere identified.
The status of the activation plan
and a description of the major
facilities bein$ developed were
presented. The total progrmacost
of developing Vandenberg for STS
operations is approximately
4 Billion. At present, activation
of the site is on schedule.

ISSUES AND RECOIt_EI_)ATIOHS

The consensus of the workshop
attendees is that the Shuttle

Transportation System is reliable,
durable, credible, and improving.
The operator, NASA and USAF, and
their customers have coemon goals.
The mission to be "assured" is to:

o Reduce orbiter processing turn-
around

o Reduce payload processing time/
effort

o Increase missions/payloads

o Maintain safety
o Standardize
o Maximize the efficient use of

this national asset

The issues discussed in the workshop
affect or threaten the mission goals
stated above. The major issue is
inability to achieve the required flight
rate, therefore, most of the issues of
the workshop are oriented toward recog-

nizing and counteracting this major
threat. The issues and recc_mnendations
are discussed in the following text.

A-3



SUMMARY OF ISSUES

AND RECOMMENDATIONS



STS OPERAT IONS

SUMMARY OF

ISSUES AND RECOMMENDATIONS

[. Competition for Limited Resources

Issue

Resource limitations can constrain flight rate

goals, particularly with the development of another

major launch site at Vandenberg underway. Based on

user and operator recent experience, the lack of

such items as transport equlpment, payload ASE,

spares, and software have a noticeable effect on

STS processing. These support resources are

vitally needed, however gaining support for their

acquisition is not as exciting or dramatic as the

development of a new launch site or the acquisition

of a new orbiter.

Recommendations

To focus attention on this area. the work mhop

_uggested that a team be formed to identify and

prlorltlze specific support resources for further

acquisition. A second recommendation is to survey

and catalog existing assets such as qualification

test articles, development test articles, or items

which were built but not required by the contract,

etc. which could be refurbished and made available

as spares. _ pursued, these two recommendations

could result in focusing attention on support

resources and minimize their acquisltlon costs

through intelligent scrounging.

Suggested OPR

Space DivisIon/NASA

2. Lack of Customer Confidence/Understanding

Issue

Lad( of confidence and understanding is caused

by negative and inaccurate perception of the

requirements a payload developer must satisfy to

launch his payload. Inaccurate perceptions,

including unwarranted fear, can be overcome through

added emphasis and accomplishment of specific,

directed actions.

Reco_mmendations

a) In response to earlier requests, JSC has

established a customer"service center.

This center is being formalized and it

should be publicized and supported because

it will provide the primary resource for

complete and accurate information to

potential customers.

b) Customers who have already been through

the payload process could be assigned to

share experience and to coach a new cus-

tomer. This approach would provide an

alternate credible source of information

to prospective customers and serve to

offset preexisting inaccurate or negative

perceptions.

c) The workshop recommended that industry and

the operator combine resources to coordi-

nate and increase marketing the Shuttle

Transportation System. An alliance of

operator and existing industry customers

could provide added marketing clout and

credibility.

d) The workshop recommended that improved

capability be provided and that accommoda-

tions for cargoes of opportunity, e.g.,

standby payloads, be publicized.

e) The workshop recommended that the mani-

festing procedural process be reviewed and

streamlined to reduce time from payload

conception to flight.

S.ug_est ed OPR

Item a) NASA

Item b) Industry

Item c) NASA/lndust ry

It em d) NASA

Item e) NASA

3. Cleanliness/Contamination

Issue

User and operator experience shows that

payload processing facilities at KSC are not

cai_able of maintaining precision clean or "white

room" capabilities.

Recommendat ions

Update the core ICD to reflect probable

contamination levels consistent with recent experi-

ence. Users should be advised that precision

cleanliness can not be guaranteed by the operator

and that the users must take design and procedural

actions to safeguard their own payloads.

Suggested OPR

NASA

4. Standards for (_l-Orbit Repair/Service

Issue

The Solar Maximum Mission effort has developed

tools, tecnniques, and design solutions to problems

which may commonly affect future missions where

repair or maintenance is intended. However, there

are no existing standards.

Rec ommendat ions

Develop and publish a standard for on-orbit

repair/service missions.

Suggested OPR

A-5
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5. DoD Safety Review Process

Xssue

A for.m1 process for response to customer pre-

pared safety noncompliance replies and action Items

is not clearly defined. Delays have occurred in

the transmission of acceptance or rejection of

contractor responses from the Safety Review Team

through the USAF Program Office to the contractor,

Recommndat ions

USAF/SD amend SDL27-4, System Safety Certlfi-

cation Procedures and Technical Requlrements for

DoD STS Payloads, to identify the responsible reply

f_ction and a tlme llne for formal response.

Suggested OPR

USAF/SD

6. Payload Peculiar Risks

_ssue

Workshop discussions of the Safety Review

process dlsclosed that the primary focus is to

safeguard the STS-related equlpment and personnel

involved in the total process. Larger threats to

the Keneral comnunlty my not be adequately
considered.

Recommendatlons

Provisions should be mde for appropriate non-

operator agency reviews when pecullar payload risks

are identified.

Suggested OPR

NASA/DoD

A-6



WORKSHOP B

PRODUCTIVITY-MOTIVATION-INCENTIVES-QUALITY IMPROVEMENTS

Chairmen: Coordinator:

Ralph Tortorich
Chief of Mission Success

Martin Marietta Aerospace

Darlene Medina

Administrator of Motivation Programs
Rockwell

Ed Houston

Chief, Productivity Management Division
USAF Space Division

Subgroup Leader=:

• Motivation

Kevin Welch

Coordinator of Motivation Programs

Martin Marietta Aerospace

• Quality Circles

Dr. Philip C. Thompson
Coordinator of Systems Refinement Teams
Martin Marietta Aerospace

• Quality Improvement and Productivity Enhancement

Ed Houston

USAF Space Division

SESSION 1 -- MOTIVATION AND QUALITY CIRCLES SUBGROUP

Quality Circles Northrop Experience Robert Patchin, Northrop Corporation

Quality Circles -- An Outline Dr. Philip Thompson, Martin Marietta
Aerospace
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QUALITY CONTROL CIRCLES

IN AN OFFICE ENVIRONMENT

BY

ROBERT I. PATCHIN

Our society has changed remarkably in the last I0 to 20 years. This has

shown the need for new requirements for relating to our workforce, and Quality
Circles is one technique for putting it all together.

I don't know if you've thought of it, but we are trying to move in two

directions at once. On one hand, people are trying to express more individuality
--yet we are more and more interdependent. This causes internal tensions that

are brought to the workplace, and progressive managements are trying to under-
stand the situation, and provide solutions.

To understand our employees, we can relate to the Maslow Heirarchy of

Needs. While the older generation operates at the safety and survival levels,

the young folks start much higher up the pyramid. They are better educated, have

only known a high standard of living, and are taught that they have a right to be
heard. All indicating a higher level of needs and desires.

Smart management is tuning in to this new employee, and the new phrase

"Quality of Work Life" sets the criteria for the successful operation of the

future. We are finding that the workforce deserves respect, and responds
positively to dignified treatment. We find them to have a higher level of

interest in their role in the organization, and a desire to participate that
can be triggered by a solicitation of their ideas for improvement.

Putting these things together, we find a natural step to be a teaming

arrangement to solve problems--from which will flow a natural, positive, recogni-
tion for a job well done. This is not to be entered into lightly, for partici-
pation requires clear goals, each program must be tailored to the climate of

your company, and it will require an investment of resources. Finally, you must
recognize that it will require a deep change in the way the business is conducted

if it is to be successful for very long Experts suggest that 85% of the change
is in management, and I agree.

Quality Control Circles offer a very specific package for an employee par-

ticipation program. A circle is made up of a group of people who work together

all week long. They voluntarily meet together, usually for an hour a week, to
identify and solve the problems that keep them from being more productive. The

supervisor is the circle leader, and another person is the helper or facilitator.

The program is built on a structured training package that will be explained

in detail later. Basically, the circle is taught problem solving in a very

specific manner, and a secondary benefit is that they develop a much better
ability to communicate.
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HISTORY

The history of the circles movement began with Japan's desire to live down

their reputation for shoddy goods after World War II. They invited American

experts to teach them modern statistical Quality Control--and by the late lg50s
they were as good as anyone else in the world. Not satisfied, they asked for

more help, and two American's, Juran and Deming, worked with Dr. Ishikawa to

develop the circle program. Interestingly, while their first focus was on

quality improvement, they quickly found that they had to include costs in their

studies. Now they have moved beyond those subjects, to include quality of work
life consider ations. Since we Americans are so new at this, I insist that we

must focus on quality and cost improvements, and from successfully working the

process we will get better working relationships.

There are some basic concepts at work here:

The employee is an expert, the employee wants to contribute, participation

is voluntary,Circle chooses problems, outside help is available, process if

formalized, and management is not obligated to accept evedry recommendation.

THE PROCESS

The process, and the training, teaches the circle to identify and rank

problems, select one to work on, and how to gather data to establish the size of

the problem, and then how to develop solutions in an orderly manner. We then

teach a simple payoff analysis to allow the circle to scale the costs of the

solution to the problem, and finally the circle presents their findings to

management with a request for action.

As you get into circles, you find some new rules and jargon. A Steering

Committee acts like a greenhouse to protect this very tender thing you are

growing. It reviews status, establishes policy, coordinates circle support from

outside experts and helps get suggested changes implemented.

The leader is responsible for the hour the circle members meet. He leads

out in the circle, makes sure they stay with the process and provides encourage-

ment and direction. The facilitator supports the leader at our company. He

gathers data, or sees that the members do, and is responsible for the momentum of

the process between meetings. In other companies the facilitator is not a
part of the circle, but comes from a central office. In that case, the facili-

tator is the trainer and process expert, in addition to playing the continuity
rol e.
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TECHNIQUES USED

Quality circle brainstorming is not the free-for-all that some may picture

with the term. The leader goes around the circle, with each member contributing

in sequence, one idea at a time. If they don't have an input, they pass--but may

come back on the next cycle with an idea that is built on a concept presented by
another. Everyone contributes freely, and there is never to be a criticism
or ridicule of an individual or an idea.

The data gathering is of the simplest score-keeping type, The members may

keep track of variations in size, or defects, or good vs bad, in any appropriate

useful way. They then convert this to scatter diagrams, histograms or simple

trend analysis. One of the easier methods is to construct a pareto chart which

focuses attention on the numerically largest criterion.

Once a problem has been isolated, it is identified as an "effect" on a

"cause and effect analysis" chart. This is often called the fishbone chart in

circles jargon, and helps the members brainstorm for solution clues. It breaks

possible causes into the categories of "manpower," "material," "machines,"

and "methods." Once all possible causes are down on the chart, the members vote

to select the largest, or most likely cause, to explore.

The group may gather additional data or move to the presentation to manage-

ment. In essence, the circle says (to management) "this is the problem, this is
how big it is (from the data gathered), this is what we think will solve the

problem, and this is how it will benefit you,if you accept our recommendation."

By allowing each member to participate in the presentation, each one can take a

proprietary pride in the activity, and can be the recipient of the recognition

that wil I naturally flow from a responsive management.

Management should then respond with a "yes" or "no" answer. It must explain
a "no" answer. On occasion, they may ask for more information, suggest further

avenues of exploration, or point out that the recommendation can not be imple-
mented because of information that the circle did not have access to.

PROJECT BACKGROUND

My first exposure to Quality Circles occurred in July 1978 when a Japanese

tour group visited our facility. In Japan, a reward system is established

allowing for the presentation of quality circle "projects" within each plant.

The best project is chosen for competition within city, county, state and national

levels. Quality circles projects are presented at seminars and workshops
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around Japan on the average of every three days. The top 17 competitors of 1978

were sponsored on a world tour traveling throughout Russia, Europe, South America

and the United States. In Los Angeles, our company had the privilege of hosting
the visit of the Japanese touring members. The pride and authorship that was

exuded by these people was so magnetic that by the time the briefings were

concluded the executives in the audience said "We don't know much about this, but
we've got to have it!"

Further investigation was conducted, and a consultant's seminar was attended

by several of our people. I instructed them "Don't come back and tell me the

good points of the program , tell me what's wrong with it!" I couldn't under-

stand, if the program was as good as it sounded, why it hadn't taken the world by

storm. They came back and said they could not find a flaw. Subsequently, we

purchased a training program to be conducted by experienced Quality Circle

practitioners, and very quickly went from the barest knowledge in the third week

of July to program implementation immediately following Labor Day.

PILOT PROJECT

The Intial training phase, or "pilot project" included the identification of

six circles within our assembly operations. The training team arrived in August

to begin a four day training session, to be followed by two months each of Circle

member training and then Quality Circle participation; management was promised a

review of the project by the end of the year.

PILOT PROJECT COSTS

Pllot Project costs were as follows:

Training Project Package
Seminars

Training Materials

$6000
$3000
$1000

The standard Training Project Package provides training for one or two Circles;

We bought a package to accommodate six Circles. In addition, one person was

devoted full time for four months to training and the eight-member management

group selected for the Steering Committee expended 200 hours. These labor costs
totalled about $17,000, and when added to the $10,000 for the outside training,

we had an out of pocket cost of $27,000 for the pilot project.

Interestingly, there was no production loss, either in output or in schedule.
We make the flat statement that there is no cost for member involvement in

Quality Circles. In fact, one group was nine units behind schedule on Labor Day,

and on Thanksgiving it was two units ahead of schedule. This group experienced

the same parts shortages, quality problems, tools and other problems; the

only difference was that these people were immersed in Quality Circles and that

worker attitudes changed from "why bother" to "can do."

B-4



COSTSAVINGS

During the pilot project,the company documented $115,000 in savings.
Implementation costs were $9,000 for a net savings of $106,000 from the ideas

generated by the Circle groups during the first four months. In future years,

approximately 8,450 hours annually will be saved as a result of these projects.

Remembering the $27,000 investment, you can see that our savings were four times

the investment. This was for the four months of the pilot project, half of which

was used in training the circle members.

COMMUNICATIONS

Tremendous changes occur in the communication ability of people involved in

Quality Circles. We call it the hidden benefit. People suddenly become able to

present themselves in a much better manner, having been taught a logical communi-

cative process. Instead of pounding the table, the worker now says that "this is

the problem, this is what I would like to do about it, and these are the other

things that I have considered; let's get something done."

EMPLOYEE ATTITUDES

The attitude survey mentioned earlier was conducted before people knew

anything about Quality Circles, and a followup survey was conducted three months

later. The following items from our attitude survey illustrate the dramatic

change in worker attitudes resulting from their participation in Quality Circles.

Before After

Pilot Project Pilot Project

"My Supervisor isn't fair"

"I don't like my job"

"I can't participate in decisions"

"I'm asked to do unnecessary work"

31% 4%

27% 13%

59% 33%

41% 21%
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PILOT PROJECTRESULTS

In late December197B, the promised report to managementwas given, review-
ing the gains resulting from the program. Recommendations were made involving

staffing and facility requirements and positive administrative decision was

solicited, along with a departmental budget. The response was favorable: "We
liked what we saw, go with it."

CURRENT PROGRAM

After two and one-half years, the plant has over 50 Circles, involvement

in 13 departments, nearly 100 people trained as Circle Leaders, 100 more trained

as Facilitators and over 500 Circle members. Circles have been implemented in

assembly areas, fabrication shops and quality assurance organizations for three

different airplanes in two geographical locations. White collar Circles have

been formed in the areas of manufacturing engineering, materiel, facilities,

finance, maintenance, employment and compensation, and aircraft services. Annual

cost savings from the projects implemented by management during the first two

and one hal f years totals over $1,000,000.

We have modified the consultants' training program, cutting it down to three

days. This is used with new Circle leaders and part-time facilitators. An

nine-week training course, one hour a week, is set up for Circle members and a
dedicated meeting room is required for every 12-15 Circles (two hours per

meeting during a 40-hour week). A pilot project can be conducted using borrowed

rooms but a full-blown Circle program requires dedicated facility space. An

additional suite of offices includes a training room for the three-day concen-
trated course for new Circle Leaders and Facilitators, and office space for the

training unit, and one of the meeting rooms.

Since my main objectives were to improve productivity outside the factory, I

was anxious from the beginning to try the circle process in an office environment.

With over 2 years experience at this time, some general observations can be

made. No matter how well educated the office people are, we have found them to

be less knowledgeable of the fundamentals of improvement thinking. They have not

been challenged repeatedly like the factory folks have, to do things better and

faster. They also tend to explore ideas more thoroughly, consequently the

training may take a bit longer.
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On the other hand, the very lack of emphasis over the years makes the office
more fertile territory for exploring for improvements. The factory has had
its industrial and manufacturing engineers, and its motivation and efficiency
drives for years. They have "skimmed the cream" of good ideas. The office has
not been worked over, so there are usually tremendous improvement opportunities.

One feature that can upset management, particularly your systems and proce-

dures people, is that most office projects relate to paperwork improvements. If

you stop to think about it, that is all most office workers do. They get paper

from someone or create it themselves. They also subtract, add, or manipulate

information and they then authorize the hand off to the next step. They seldom

or never see a hardware product, so office circles tend to focus on combining or

simplifying forms or reducing signatures and flow times. In summary, the office

is fertile ground for the search for improvement implicit in the circles process.

Typical Projects

I will start with several typical examples of office circle projects and you
wlll find tabular data on another 27 attached.

I. Our circle in the employment records area has been one of our most prolific.

We have a modified cafeteria benefit plan involving a half dozen medical

plans and several dental and life insurance plans. Each new employee was
asked to fill out a form for each selection, that asked almost identical

questions. This circle has combined all the possibilities onto one com-
puterized form that eliminates the repitition and confusion--and saves over

$25,000 per year.

. The same circle suggested that we use a word processor to type the letter

that accompanies the 90 day to 40 year service pins. This has saved $2000

in tedious typing.

. This circle suggested and worked out all the details for combining the forms

used to hire, promote, or transfer personnel. They then had to develop a

training package, and train 350 department clerks to use their new system.

This will save $35,000 per year, and is so successful that it is being

adopted corporation wide.

e I call this one the great leap backward in technology. One of our procure-
ment circles was frustrated by the delays in processing the paperwork for

low-value items. They found that we were buying whisk booms on the same

paper and systems as multimillion dollar long lead forgings. Because their

items were low value, they got delayed in the que, and often the items were
delivered before the computer churned out the order. They proposed and sold

the concept of a hand-wrlte multi copy form that could be filled out as the

order was placed over the phone. Used on items worth less than $500.00,
this new system saves over $87,000 per year.
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. A circle in the employment office suggested that post cards be used to
reply to mailed-in resumes and applications by checking off boxes on the
card. The applicant is told "we received your resume on such a date, it has
been referred to a named organization and you will hear again from us by
another date". Admittedly, it is less personal than a dictated letter, but
it goes out in a timely manner. Past practice was to accumulate such mail,
then someone dictated the response, someone else typed it, then back for
signatures, duplication, and filing; as well as mailing to the person. We
are saving $8000 per year with this change.

REVIEW OF FIRST-YEAR OPERATIONS

Any organization will be faced with start-up problems during the implementa-

tion of Quality circles. Northrop's first-year activities were very strongly

affected by major changes occurring within all three major programs. These

operational changes created a significant impact on Circle group activities. New

Circle Leaders and Facilitators were required to be trained and Circle members

were moved from one area to another. The six Pilot Project Circles experienced

10 changes of Leaders and Facilitators in the first seven months. The message,

of course, is that if circles are to be started, every possible effort should be

made to introduce them into a stabilized atmosphere.

The first-year activities wee also affected by inadequate support from

middle management. Tremendous support was obtained from the top, and from the

bottom as the wrokers began to volunteer and became involved, but we did not do a

good job of selling and promoting middle management support. Middle management
was puzzled and even concerned about Circle activities and therefore not general-

ly supportive, or worse, was pouring cold water on the implementation of Circle

suggestions. Today even if top and bottom support of Circles are assured, the
chain of command must also be willing to provide support or Circles will not be
started.

Another obstacle to Circle progress has been lack of timely response.
Workers, unlike management, are not tuned to delays built into the system. A

short-circuit system must be implemented to convince people that this program

really is supported by management.

Objective evaluation of Circle progress is also a major factor important to

the effective development of Circle groups. The training group's energy can be

wasted trying to "prop up a dead horse" when, for the same amount of energy,
three new Circles can be trained.

I am afraid that Quality Circles is viewed as an instant panacea, a magic

potion to sprinkle on the workers to make them, happy, hardworking automatons.

It is not. It is a situation where management makes major changes--where manage-
ment backs off, gives the training and time away from the job, responds positive-

ly and gives recognition where it is due. It is an organic change that allows

people to "grow and glow!"
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In a properly operated program, events will cascade so that the Circle
will automatically generate inprovements through involvement. Circle members

offer cost-saving ideas, participation develops employee enthusiasm, and from

the _nthusiasm, real change in people is realized.

The implementation of Quality Circles has provided a very practical means of

developing participative management. Many companies have had thousands of people

trained in participative management only to find that, in a "theory-X" atmosphere,

no one can relate to these types of practices. It is not unusual that, within a

week after completion of training, the statement will be made that "it may work

in the classroom, but it doesn't work here." The Quality Circles training process

hits both top and bottom at the same time, and it works!
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QUALITY CIRCLES -- AN OUTLINE

Dr. Philip C. Thompson
Coordinator

Systems Refinement Teams
Michoud Division

Martin Marietta Aerosapce

The Goal - Our goal is to improve the
performance of people at work. To
achieve it, we promote quality circles
(structures and processes that grant
employees greater responsiblity and
authority over their tasks), perfor-
mance feedback (information on the
success of their performance) and

incentives (tangible rewards for
improving their performance). The end
results are organizations that are
happier, healthier and stronger and
produce more and better goods
and services, at lower costs.

Elements of a Fully Developed Perfor-
mance Improvement System - There are at
least six major elements to a successful
performance improvement system. Three
form the core, and three support it.
Core

I. Quality Circles
2. Performance Feedback
3. incentives

Organizational Supports
4. Quality Circle Office

a. Facilitators

b. Training
c. Special Maintenance Structures

5. Technical Expertise
6. Organizational Culture (beliefs and

values)

The Core - 1. Quality Circles - As a
structure and a process, the quality
circle represents a small but significant
change in the power relations of an organ-
ization. It grants employees the right
to try to solve their work problems rather
than have management solve problems for
them.

The organization grants time (usually one
hour each week, paid), space (a dedicated
meeting room), and mand_identify pro-
blems and develop solutions,

excluding items subject to labor nego-
tiations or defined by personnel policy).
In addition, the organization grants a
circle access to all information relevant

to the chosen problem, as well as all
managers who should hear and evaluate the
proposed solution.
Until now, we have viewed quality circle
participation as voluntary. This may
change. There is ample evidence that
circles in the more advanced efforts are

developing beyond simple problem-solving
groups. They are setting long-term
performance improvement goals and regula-
ting their own performance to achieve
these goals. To reap the full benefits
of this process, a!l employees of a given
work area must participate.

2. Performance Feedback - To set perfor-
mance goals and to identify problems
obstructing the attainment of these goals,
the circle requires timely, regular, re-
liable, relevant and understandable feed-
back on the performance of the shop or
office it represents. Much of this infor-
mation comes from major functional depart-
ments within the organization, such as
quality, industrial engineering, finance
and safety. But the decision on what data
to trend and the definition of what consti-

tutes "timely, regular, reliable, relevant
andunderstandable" is worked out with, if
not by the circle. This is crucia_t
only because each work area, as represented
by its circle, "buys into" the performance
trends, but also because each work area,
from the machine shop to the financial

estimates office, requires a different
set of performance trends. Each work area
has different dimensions to me_sure.

In addition, circles use these different
dimensions to set their own performance
goals. For example, while trending ten
dimensions of performance, a circle my
decide that the defect rate is too high,

set a target rate, and work to reach it by
identifying and solving problems related
to quality. Meanwhile, it continues to
track the nine other performance dimen-
sions to ensure that they remain acceptable.

3. Incentives - The organization provides
incentives (awards and recognition) to
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improve poor or maintain high perfor-

mance scores. These are linked directly
and visibly to performance trends agreed

on by a quality circle, in such a way

that employees know beforehand that, if
they achieve certain performance levels,

they will immediately and with certainty

receive the award and/or recognition. To
achieve the greatest success, incentives

are structured so that they reinforce

teamwork in quality circles rather than
individual efforts.

Awards and recognitions range from
articles on presentations in the com-

pany newspaper, to periodic gift awards,
to gainsharing. Whichever incentive

system is used depends on the age of the

circle effort and the type and purpose of
the organization. If gainsharing is

utilized, it is essential to regulate

the amount of sharing at some proportion
of the dollar value of the maintained

or improved performance, as measured by

the performance trending.

The System - Once in place, these three
elements form a functional system.

At the center of this system is the
circle - a cluster of rights and obli-

gations that allows effective involve-
ment, or as some express it, partici-

pation. On its own, this innovation

produces significant results, at least

initially. Circles present improve-
ment ideas, some of which save consider-

able money. Morale improves. _uality

improves. But, without performance

feedback, some circles produce only hap-

hazard results, perhaps die, or worse,
survive as nonproductive "bull sessions".

Performance feedback is equivalent in

importance to the circle itself. With-

out real, reliable, immediate, regular
and usable measures of performance,

circles cannot choose realistic goals,
identify and solve problems that help

them to achieve these goals or know

when they have achieved them. Good
performance information becomes the

guidance system. With it, circles can

focus on quality, for example, and

work at improving it until they reach
that "zero defect" objective. Without

it, they wander in the dark, fixing

this, improving that, saving a little

money, but not necessarily improving

their work. And without it, management
wanders in the dark, feeling that circles

improve the organization, but unable to
know for sure.

This system requires a third element -
energy, something to make it run. The

power to change how work is done and the

information to show when a change occurs,

are necessary but not sufficient components.
One needs a reason to engage in this enter-

prise. Initially, having spent most of

their working lives in situations in which
they had no voice over how they did their

work, most employees find the right to
speak motivation enough. As they become

more involved, many employees find the
process of performance improvement through

problem solving a challenge. But, in the
long run, most employees need some form of

recognition and reward beyond these

"intrinsic" ones. They need "extrinsic",
tangible rewards in the form of gifts, trips

or some type of gainsharing. Any or all of

these awards are possible. The only, but

essential, crite_on is that they be directly
linked to the performance measures and are

visible and known to all employees beforehand.

Organizational Supports - 4. Quality Circles
Office - The quality circle office, composed
of administrator and/or coordinator, is

responsible for the general promotion and
coordination of the quality circle effort.
With this as a charter, it usually oversees
the provision of a number of subcomponents:

training, facilitation and special maintenance

structures. The budgets for these subcom-
ponents may reside in other departments or
within the office itself, but either way the

office coordinates these support elements

and is responsible for the circle effort.

Training: All members of the organization

(employees, supervisors, middle managers,
upper managers and support specialists)

receive training in group problem-solving

techniques, both elementary and advanced,
group decision making, and effective circle

leadership. In addition, there is special
emphasis on data collection and statistical

analysis.
Facilitation: Facilitators are trained

in group process and leadership, problem-
solving, and most importantly, data collec-

tion and statistical analysis. They attend

all circle meetings to advise and assist
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both leaders andmembersand to monitor
circle activities. In addition, facili-
tators work behindthe sceneswith man-
agers and technical specialists to
ensurethe smoothoperation of circles,
especially in the early states whenmem-
bers and leaders are unsureof their
roles and abilities.
Facilitators canbe either paid, full-
time specialists or part-time volunteers.
Eventually, as circles, managersand
technical specialists becomemore
comfortable with the system, the role
of facilitator andthe numberof
facilitators, declines.
Special _aintenanceStructures:
Thequality circle office promotesvarious
organizational structures or processes
to enhancethe acceptanceand operation
of quality circles at all levels of the
organization. Thesemayinclude:
a. A steering committee,drawnfrom
the entire organization, to set policy
and sponsorandoverseethe work of the
quality circle office.
b. '_ _,, _,,eorganization is large, ad-

visory and support committees in each

of the major departments to oversee
the installation of quality circles,

advise departmental facilitators and

receive and evaluate reports on circle
activities.

c. Periodic leader luncheon meetings

to recognize the special efforts of

circle leaders, discuss common problems
and successes and introduce advanced

training material.
d. Special groups, such as integrated

teams, task teams and management teams,

to provide for group problem-solving
and statistical analysis at the middle

and upper management levels.

5. Technical Expertise - The organ-

ization provides technical expertise
to circles when needed. It does not

force it on circles; it responds when

circles request information or help.

One means of doing this is through a

circle of technical experts who volun-
teer to review circle needs and organ-

ize an effective response.

6. Organizational Culture - The members

of an organization acquire a set of values

and beliefs that support the quality circle
process. These values and beliefs exist in

some individuals before circles are introduced,

develop in others as the effort expands,

blossom in many as circles become institu-
tionalized in the normal management process

of the organization and are never felt or

thought by a few. The quality circle office
promotes these belief_ _nd values wherever

and whenever possible through training,

articles and personal conversations. But,

in the last analysis, they grow and become
the norm as the quality circle process

succeeds. Since success can only be demon-

strated by performance improvement, regularly

measured performance data are crucial to
winning the active support of everyone in

the organization.
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.qUALITY IMPROVEMENT
jerry Robinson

Quality Assurance Specialist
Air Force Space Division
Product Assurance Division

This presentation summarizes the recent
quality improvement initiatives within
Air Force Systems Command and Space
Division. It outlines the Space Division

quality improvement program with emphasis
on the SD/industrial interface and the

results of a recently completed survey of

industry executives concerning the causes
and cures of the "hidden plant".

1. AFSC qUALITY IMPROVEMENT PROGRAM -
In September 1982, General Marsh,
Commander of Air Force Systems Command

(AFSC), initiated the AFSC quality im-
provement program. In his letter to the

AFSC product divisions the General made

the following points:

a. As we implement the president's
mandate to modernize our defense force in

the face of limited resources, we must

seek more efficient ways of acquiring
our weapon systems. Air Force acquisi-

tion processes and procedures can have a

negative impact on the product if not
suited to the acquisition or if not

implemented properly.

b. One area where we can achieve sig-

nificant gains with minimum financial

investment is quality assurance. The
AFSC quality policy as stated in AFSCR

74-1 must be strongly enforced throughout
the acquisition cycle to be effective.

Quality requirements are expected to be
given the same emphasis as cost and

schedule requirements.

c. A quality improvement program has
been initiated within Headquarters/AFSC

to improve the quality and productivity
of our methods of acquiring weapon sys-

tems. Each product division is strongly
encouraged to establish a similar program.

d. We strongly suggest to our major

contractors that they voluntarily imple-
ment a similar program. One area of

improvement which deserves the highest
priority is the reduction of the "hidden
plant" -- the plant that repairs and re-
works the defects, retests the product

and handles the scrap. Our estimate is
that a minimum of $570 million was spent

on scrap, rework, and repair in 1980 in
21 of our largest plants.

2. AFSC PROJECT qUALITY - Project Quali-

ty is an AFSC initiative which is part of
the AFSC quality improvement program. It
is chartered to develop contractual in-
centives to reduce "hidden plant" costs.

An ad hoc group was formed which develop-

ed a list of possible approaches or
techniques which could be used to effec-

tively reduce "hidden plant" costs on AF
contracts.

The list was reviewed by the membership

of the Aerospace Industries Association

(AIA). The initial reaction was that the

list of possible actions developed by
Project Quality addressed symptoms rather
than causes. AIA also felt that some of

the proposals by the ad hoc group in-
fringe upon the right of the contractor

to manage his organization and may lead
to unnecessary cost with little effect

upon the intended goal. A number of

proposals were considered worthwhile.

3. PROPOSED SD qUALITY IMPROVEMENT
PROGRAM - The objective of the Space

Division quality improvement program is

to improve the quality of SD acquisition
management and thereby improve the
quality and affordability of the systems

we procure. Quality improvement involves
all SD and Aerospace Corporation organi-
zations involved in the acquisition

management process. Quality and produc-
tivity improvement are viewed as part of

an overall, coordinated program of cor-
porate improvement. Within SD the vehi-

cle for corporate improvement is the
annual corporate plan and the process
used to assemble and implement the plan.

Each year quality improvement goals are

identified by each SD two letter office.

Specific Objectives and milestones are
established. Each project is reviewed

and approved by an executive review
board of SD top management. Progress is

tracked and periodically reviewed through-
out the improvement year as part of the

corporate planning and improvement pro-

gram review cycle.

4. SD/CONTRACTOR qIP INTERFACE - Con-
tractors are being encouraged by AFSC and

the product divisions within AFSC to



voluntaril_, begin quality improvement
programs. Broad quality improvement
programs will not be legislated in

contracts. Some aspects of quality im-

provement which are pertinent to indivi-

dual programs could be required by con-
tracts, however. Contract incentives

are being considered by AFSC Project
Quality, for instance. If contractors

choose to implement broad quality im-

provement programs, one area of improve-
ment which needs immediate attention is

the reduction of the "hidden plant", or
the costs associated with scrap, rework,
repair and retest. The SD Commander

sent a letter to industry executives

urging them to begin quality improvement
programs and asking their opinion on the
root causes and cures of the "hidden

plant", as well as what SD could do to
reduce "hidden plant" costs on SD
contracts.

5. HIDDEN PLANT - As far as we know, the

term "hidden plant" or "hidden factory"

was coined by Dr. Armand Feigenbaum who
is President and Chief Executive Officer

of 6_.neral Systems Co. This term was

explained by Dr. Feigenbaum in a speech

to the National Conference on Quality in
Washington, D. C. in April of 1982.

Dr. Feigenbaum says in his speech that
based on the quality cost data his

company has collected throughout the
world, there may exist today even in

modern and well organized factories what
he calls a "hidden plant" -- both in the

factory and in the office -- sometimes

amounting to from 15% to as much as 40%
of total productive capacity. This is the
plant that exists to rework unsatisfac-

tory parts, or to maintain buffered stocks

of inventory, or to replace products re-
called from the field, or to retest and

reinspect rejected units. While
Dr. Feigenbaum did not single out any
particular industry, such as Aerospace,

AFSC figures indicate that approximately
$570 million was spent on scrap, rework
and repair in 1980 in 21 of our largest

contractor plants. General March has
since repeatedly stressed the importance

of reducing "hidden plant" costs on AF
contracts.

6. SPACE DIVISION SURVEY - In connection

with the "hidden plant" emphasis, the SD
Commander sent letters to a crossection
of SD contractors and asked them three

questions :

1 - What is your company's experience
with the "hidden plant"?

2 - What do your line managers and

supervisors feel are the root causes of

the "hidden plant" andhow can the causes
be eliminated?

3 - Are we, Space Division, encourag-
ing the existance, and possibly the growth
of the "hidden plant" through our contract-
ing approach or management practices? If

we are, what changes should we consider
and why?

The whole point of these ouestions was to
gather some data from our own contractors

to better understand the "hidden plant"

from their perspective and to get so,_
feedback as to whether SD was somehow

contributingto the problem.

7. - 11. RESPONSE TO SURVEY - Eighteen of
twenty-three contractors responded to the
SD survey letter. Each of the respondees

voiced enthusiastic support for the AFSC
and SD quality improvement initiatives.

While all indicated that they have had

systems operating for some time to
measure and control "hidden plant" costs,
a number of the respondees (General

Dynamics, Boeing, Ford, Aerojet, G. E.,

Rockwell, Vought and Westinghouse) stated
that they have established formal quality

improvement programs as well. Only a few

of the executives gave us quantitative
information on the size of their "hidden

plant" which ranged from .7% to 2.9% of
total sales. (If these numbers seem

very small, it's because they are most
likely based on only the direct labor

costs of scrap, rework and repair and do
not include indirect costs which would

substantially increase these percentages).
Our respondees also indicated that, while

these figures are an average over all
programs, "hidden plant" costs tend to be

much higher for programs in R & D versus
programs which are baselined and in pro-
duction.

As to the root causes of the "hidden

plant", one conclusion came through loud

and clear, In the opinion of the majority
of the executives, the major contributor

to "hidden plant" costs is the lack of
sufficient schedule and funding to do an
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adequate job of design, design validation
and process development during the devel-

opment pnrtion of the program. Coming in
a close sedond was the lack of effective

producibility reviews during the design
and pre-production phases of the program,
and overspecification. A number of
respondees made the point that, while

quality systems can detect, measure and
correct the "hidden plant" symptoms, the

root causes themselves are management

problems which can be prevented only
through effective program planning very

early in the program. We agree with this
concl usion.

As to whether SD is contributing to the
"hidden plant" by virtue of our contract-
ing approach or management practices, a
number of executives felt that we could

do a better job of program planning to

eliminate or reduce schedule concurrency
and increase development funding. Other

complaints included too much micromanage-
ment, overspecification, and not enough
emphasis given to quality and producibil-

ity design review.
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ELIMINATE THE HIDDEN PLANT!

William E• Montgomery
General Manager, Space Division

Westinghouse Electric Corporation

and

Harold C. 3ones

Senior Advisory Engineer
Westinghouse Electric.Corporation

In a speech at the Bottom Line Conference held
at Fort McNair, General Marsh coagulated the
many costs associated with rework, repairs9
quality costs, design correction, low vendor
quality, and similar items under the banner of the
'%idden plant", a term coined by Dr• Armand V.
Feigenbaum. He placed the cost of the '_idden
plant" at billions of dollars per year in lost buying
power over the entire defense industry• The
following are the salient points of why Gen.

Marsh feels this'q_iddenplant" exists.

• Quality is not yet a total committmenI on the

part of major defense contractors•

• The quality of American products is being
outpaced by foreign industries, particularly
3apan.

• US companies rely too heavily on inspection.

• Major contractors are not managing subtler
suppliers to achieve high quality.

• The best workers are utilized in the repair or
rework functions, not as leaders in making it
right the first time.

One of the strongest points that General Marsh
made was the fact that we must do it right the
first time and that the USAF is going to
structure contracting procedures and decisions to
reward those who do so•

In a follow up to General Marsh's speech, General
Henry indicated that the Space Division of AFSC
shared Gen• Marsh's concerns, and specifically
asked the following questions of his contractors=

• "What is your company's experience with the
'_idden plant"?"

• "What do your line managers and supervisors
feel are the root causes of the "hidden plant",
and how can these causes be eliminated?"

• "Are we, Space Division, encouraging the
existance, and possibly the growth, of the "hidden
plant" through our contracting approach or
management practices? If we are encouraging
the "hidden plant", what changes should be
consider and why?"

These are good searching questions, and this
paper will address each one of these in some
depth.

Before getting too deeply into details, however,
let us attempt to further define the "hidden
plant" so that its causes may be more clearly
identified. As we see the "hidden plant" it is any
effort which is a duplication of previous effort or
was never needed in the first place• The most
obvious example w__,ld _he rework and repair• A
much more subtle, but no less valid, example is

the effort spent in expediting to shore up a poor

production system• In a similar vein engineering

change notices required to correct the mistakes

in the original design are a part of the "hidden
plant".

Taken to its logical conclusion, one could say
that the entire quality control and inspection
effort is a part of the "hidden plant", and we feel
that this is indeed true. One of the major
functions of quality control and inspection is to
detect and reject defects. If they never existed_
there would be no need for inspectors and QC.
Before any of the qualify professionals explode,
let us hasten to differentiate between the
Quality Control and Inspection function and
Quality Assurance• In our lexicon the people in
the Assurance functions are those who function

to prevent defects rather than detect them after
they exist. It should be the goal of a good quality
assurance system to minimize the need for
extensive inspection. This entire philosophy
applies to the USAF quality function as well as
the contractor's.

If we all are able to do an outstanding job of our
quality assurance function, the need for routine
inspection and surveillance will indeed be
minimized•
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Now let as turn to the specific questions posed by
General Henry.

1. "WHAT IS YOUR COMPANY'S EXPERIENCE
WITH THE "HIDDEN PLANT'"?."

Every enterprise in the world which produces a
tangible output, be it hardware) software, or
perhaps even ideas) has some measure of the
"hidden plan" existent within its operation.
Anyone who seriously thinks about the problem
wiU quickly convince himself that there must be
something which can be done to improve
acceptable results and reduce unwanted results;
i.e., repair) rework and scrap. Many of these
thoughts have been wrapped up in a neat package
of improving the "quality" of our work; but for
this to be meaningful, the word "quality" must be
interpreted in its broadest sense, much broader
thap host people in the industry fully appreciate.

In c Jr opinion, there is no such thing as absolute
goodness when it comes to quality in the broadest
sense. There are always things that could be
done to improve the overall quality level of a
given operation. Take scrap rates, for example.
Our scrap rates vary from 99.99% (yes, only
0.01% good product is produced) for our most
sophisticated advanced VLSI semiconductor
fab-ication to less than 1.0% for our best

aut}mated machining and assembly operations.
Re 'ork and repair rates do not cover such a
broad spectrum, but the basic problem of setting
a standard of goodness remains the same. Yet
there remains an inherent resistance to change
whi3h dictates the philosoply. "If it ain't broke,
d n't [ix it!" So, once in production) we accept

_ : talus quo, or put the pressure on our quality
or manufacturing organizations to compensate
for problems that they are powerless to correct.
The real problems must be fixed at their source
-- the design itself. (We mean the word design to
include the processes and procedures used to
make the product, not just the drawings and
specifications which define the output result.)

This ties in very closely with the philosophy being
promulgated by the distinguished quality
consultant Dr. W. Edwards Deming. One of his
most basic messages is to utilize simple,
straightforward statistical methods to establish
the variability of a process. If the process is
statistically in control and is producing too much
scrap) the process and/or the design is not

capable of producing the parts required. One or
the other (or both) must be changed to improve
the yield;

In summary, there is definitely a "hidden plant"
in the production of aerospace hardware (and
software); it is larger than it needs to be, but

correcting the situation demands examining the
root causes. This brings us to the second
question.

2. "WHAT DO YOUR LINE MANAGERS AND

SUPERVISORS FEEL ARE THE ROOT CAUSES

OF THE "HIDDEN PLANT" AND HOW CAN THE

CAUSES BE ELIMINATED?"

To answer this question, we will look at three
separate "time blocks" in the life of a program as
follows.

2.1 Government/Manufacturer Interface. This is
the area of initial specifications of performance,
cost, schedule, and quality and takes place
predominately in the early phases of the
program. Some of the most severe problems in
this area are listed below.

2.1.1 Performance Overdesign. It has become.
almost axiomatic that any new piece ofl
spaceborne equipment will require performance
which is beyond the existing state of the art.
Concurrent with this the size arid weight must be
held to a minimum. Trying to improve the
performance and pack it into a tight package
often results in a design which is immature when
the unit is released for manufacture. Problems
are often encountered in achieving the required
performance, and manufacturability is very
difficult, if not impossible. This often requires
extensive design revision with its attendant scrap
and rework cost. It is, of course, recognized that
any new design's reason for being is to advance
the state of the art, but great care should be
exercised to be sure that the advances required
are both necessary and have a reasonably high
probability of attainment. This applies to all
basic specifications such as performance) size,
weight, power consumption, etc.

2.1.2 Unrealistic Schedule. In the area of

schedule, the problem is well known. In order to
meet the often excessively tight schedules,
designs are released to manufacturing which are
immature, parts screening is bypassed, and otherl
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risks are taken. The result is again excessive
scrap and rework and the attendant lower
reliability. This is most surely a joint problem
since a great deal of time is often wasted just
"spinning wheels" trying to get started on a job.
From the government's standpoint it is necessary
that the required schedule be reviewed very
carefully to assure that it is really achievable.
From the manufacturer's point of view, we must
be more open in objecting to schedules which
can't be met, and at the same time we must
develop better methods for shortening the time
from "go ahead" to having a fully operating
program "up to speed". Finally, in an incentive

program we must both be careful that the
schedule incentive is not such as to outweigh the
quality incentive thereby causing a "schedule
over all else" atmosphere to exist,

2.1.3 Cost Problems. In the cost area the major
problem seems to be inadequate "front end
fL_ding". Too often the initial design phase is
underfunded requiring expensive and time
consuming redesign when problems are
encountered in qualification or production.
Another very important contributor to the
"hidden plant" is"stop and go funding". When a

program is suddenly cut back due to lack of

funding, vital trained people must be dispersed to

other places. When the program is restarted

many of these people cannot be retrieved and a

retraining period is encountered. This slows the

program down, contributes to rework and reduces
efficiency; all of which wastes money.

2.2 Early Manufacturing Phase. Several of the
more vexing problems are listed below.

2.2.1 Manufacturability. There is often a basic
problem with the manufacturability of the
designs which have been generated. As
manufacturers we should (and often do) make

extensive formal producibility reviews a
mandatory part of the design process. The
government can also assist in this area by
requiring their use and sending representatives to
the reviews who really know and understand the
problems involved in manufacturing. Consultants
should be used if needed to augment this
ft=nction.

2.2.2 Operator Performance. A pervasive

problem which also contributes heavily to the
"hidden plant" is poor operator performance in

the manufacture of the product itself. This car
be caused by many factors, among which ar(
inadequate training, improper matching o_
operator to job, unclear definition of exactly hob
to perform the job and poor operator
motivation. This problem is primarily in the
realm of the manufacturer, but policy guidance
to the AFPRO might be appropriate.

2.2.3 Parts Problems. In this phase of the
production cycle, parts problems are often
encountered. As discussed in the recent IEEE

"Spectrum" on Defense, most part manufacturers
consider the defense business as less desirable
than commercial business due to demands for

high quality coupled with relatively low volume.
While the AFSC Space Division's efforts in
establishing the 3ANTX, 3ANTXV and ER level
parts has been a major step toward alleviating
these problems, we still find a need to screen
incoming parts. On the DMSP satellite we used
an independent screening laboratory with quite
good success. This allowed more rapid
acquisition of the parts from the manufacturers
and rapid turn around on the screening function.

Eventually it is hoped that we can establish a
system similar to the 3anapese in making parts
suppliers more of a partner, but at the present
this is not feasible. We have, however, somewhat"
alleviated the problem by extensive negotiations
with part suppliers to establish mutually
acceptable specifications early in the program.

2.3 Late Manufacturing and Deployment Phase.
At this phase of a program the problems usually
shift from the more obvious to the more subtle.

A couple that are worthy of mention are as
foUows.

2.3.l Failures due to Inadequate Design Margins.
If design margin studies were not performed
properly (or at all) and if design margin testing
was not utilized during the design phase, it will
almost always become apparent during
qualification or early deployment. The resulting
changes at this level of maturity can be very
serious and costly. The remedy is inherent in the

problem. Require that a good job of design
margin calculation and testing be done and
reported at design reviews. This activity should
be carefully reviewed by the person assigned by
the government to cover the design reviews.
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2.3.2 Irrelevant Failure to Meet Specifications.
In the myraid of specifications directly applied to
the project) specifications referenced in those
specifications or referenced in the referenced
specification) etc.) there are bound to be
requirements which have not beem complied
with. Mindless enforcement of specifications
which do not improve the product is a very real
source of the "hidden plant". The remedy is
simple to state) but somewhat harder to
implement: give the AFPRO representatives the
authority to think, rather than blindly enforce
the specifications, and be sure that they have the
technical expertise to exercise this authority
wisely.

This also carries a responsibility for us in
industry. In dealing with customer
representatives (AFPRO), we must be
scrupulously honest and forthright. If a mutual
trust and respect is established) then government
and industry can truly work together for their
mutual benefit.

3. "ARE WE, SPACE DIVISION, ENCOURAGING
THE EXISTANCE, AND POSSIBLY THE
GROWTH, OF THE '_IDDEN PLANT"
THROUGH OUR CONTRACTING APPROACH

OR MANAGEMENT PRACTICES? IF WE ARE
ENCOURAGING THE "HIDDEN PLANT" WHAT
CHANGES SHOULD WE CONSIDER AND WHY?"

The blunt and direct answer to the first question
is yes. We would be quick to point out) however,
that industry has not overwhelmingly stepped up
to the challenge itself,so a repetition of the old
adage "people who live in glass houses shouldn't
throw stones") would be appropriate.

We believe that a real attack on the problem lies
jointly with industry and government N the
government must insist upon improvement, and
industry must step up to the challenge. Along
these lines, the following suggestions might be
considered_ some are controversial, but should
provide food for thought.

3.1 Improve the Design Review Process. Insist

upon detail review of the design margins as well

as the manufacturability and producibility of a
design early in the development cycle. Insist upon

a review of the processes_ procedures and tooling
that will be used to manufacture the hardware.

Insist upon involvement from manufacturing and

quality early in the design phase. Provide the up-
front funding to accompliish this effort. The-Jllh
fundamentals are too often overlooked in tlP
rush to get the development done within the
allowed cost and schedule constraints.

3.2 Degrade the Sanctity of the Qual Model.
Many of our programs spend exhaustive efforts in

the "qualification" of a design through test of a
single qualification model built to production
drawings, which then serves as a production

baseline for subsequent flight models. Change is
generally impossible or very difficult once this

baseline is established. This philosophy is a
major deterrent to any further improvement in
manufacturability and a major contributor to the
"hidden plant". Would it not be a better

alternative to consider a less regimented, but

more thorough, development test program which
identifies the fundamental technical problems
earlier in the program? This data could then be
the basis of a well-controlled "test, analyze and

fix" program which could be continued into the
production of flight hardware. It seems to us

that improvements in the "hidden plant" can only

occur through the implementation of change.
The question is, "How much risk are we willing
take?"

3.3 Encoural_e Automation and Computer-Aided
Design. Recent history has shown that one of the
greatest potential sources for reduction of human
error and improvement in productvity is the use
of computer-aided design and manufacturing
techniques. Getting through the problems of
implementJng these systems can be horribly
frustrating, but once implemented, the results
can be rewarding. The potential in this field is
only beginning to be felt. Government should
provide incentives to industry to encourage the
use of these techniques.

3._ Use MIL-STD 1520. MIL-STD 1520 requires
the implementation of a system to track the cost

of rework, repair, and scrap. Implementation of
this standard would provide visibility to the
government for what the "hidden plant"is really

costing. Its full implementation will initially

cost extra dollars over present procedures.
Tracking and reporting these costs should be
seriously considered and the implementtion costs
weighed against the potential benefits.

B-22



3.5 Tailor the Specifications to the Real Need.
Layers upon layers of standard procurement
specifications and "required" contract clauses
have built up over the years which often
inadvertently lay many unnecessary requirements
on system procurements. This is particularly
true in the quality and reliability area.
Documents which reference other documents,
which, in turn reference more documents often
inadvertently invoke unnecessary requirements
which aggrevate scrap and rework, but go
unnoticed for long periods of time. Further,
most detailed quality requirements (MIL-STD-
883, _'v,-- example) were derived from a

government-industry negotiation process that
resulted in criteria that produced an acceptable
level of quality for a tolerable level of scrap,
rework and repair for the technology in use at

the time the document was generated. These
criteria are not absolute hard and fast

requirements, but standards of comparison --
relaxation of some of these requirements to

alleviate a par$icular scrap or rework problem
will not necessarily degrade reliability and ma_

significantly improve scrap and rework costs.

Every possible effort should be made to reduce
the specificaton requirements (both in number

and in difficulty) to the minimum acceptable
level for every procurement. Once this is done, a

program of visibility into "quality costs" is
needed (such as that provided by MIL-STD-

1520). And, finaUy, as the scrap, rework and
repair costs are identified, further tailoring of
the specifications, the design, or the
manufacturing processes should be implemented

to fix the problem. Both government and
industry must be willing to accept change for this
process to take place effectively.

3.6 Use the "Profit Motive". All publicly held

corporations are in business to make a profit for

their stockholders. Any quality program that
does not make quality a more important profit
generator than cost and schedule considerations
is probably going to fail in the long run. Some

bold new ideas are probably in order to challenge
the ingenuity of the community to attack the

problem. Incentives applied after development is
complete are too late. Some profit-generating
mechanism needs to be found to elicit the effort

needed to reduce the cost of the "hidden plant".

Only if government and industry jointly worm
together in a serious attempt to solve our mutua
problems will a solution be found.

3.7 Provide Management Continuity. The Unitec

States is a mass of mobile people. The phrase
"upwardly mobile" is quite popular, but many of

those who aren't going up seem to be going
sideways or even downward. But they are

moving. This phenomenon is one of our major
handicaps in competition with Japan where
people are often with a company for life. In that

situation managers are far more cognizant of the
long term effects of their decisions since they
will probably still be around when the "chickens
come home to roost". In the quality area of

government contracting we have seen many

initiatives come with great fanfare only to fade
when the officers or civil servants pushing them
moved to other jobs. Many of these were very

worthwhile, but became orphans when their
originators left. We tend to be a nation of

innovators -- what we badly need is a strong body
of implementors and suitable reward and glory
for that phase of the effort.

4. SUMMARY. In the foregoing material we
have attempted to bring forth some of the
factors which are contributing to the "hidden
plant" and to suggest a few specific, although not
easy, changes which would help to reduce the
impact and magnitude of the "hidden plant".
Much of what we have said is controversal. Much

more needs to be said. If this paper can stir up
controversy, which eventually leads to some
effective _ our purpose will have been
achieved.
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Eliminate the Hidden Plant!

by

William E. Montgomery
General Manager, Space Division

and

Harold C. Jones
Senior Advisory Engineer

®

What Is the "Hidden Plant?" According to Gen. Marsh

• Any Action Which Duplicates a Previous
Action

• Any Action Which Should Not Be Necessary

• Any Action Dedicated to Finding Errors

• The Job Must Be Done Right the First Time

• USAF Is Going To Structure Contracting
Procedures and Award Decisions To Reward
Those Who Do So

Some Examples of the
"Hidden Plant"

Question #1

• Rework and Repair

• Expediting

• Design Revision Notices

• MRB Actions

• Inspection

"What Is Your Company's Experience With the

'Hidden Plant' ?"

Why A "Hidden Plant?"

• Quality Not a Total Commitment

• Japan and Others Outpacing Us In Quality

• Dependence on Inspection

• Not Managing Subtler Suppliers

• Best Workers Used in Repair Function
B-24

• It Exists!

• "Quality" Must Be Broadly Defined
To Understand the "Hidden Plant"
and Eliminate It

• Process Capabilities Must Match

Design Requirements



Question #2 Late Manufacturing and Deployment
The "Pay Me Later" Period

"What Do Your Line Managers and Supervisors

Feel Are the Root Causes of the "Hidden Plant"

and How Can the Causes Be Eliminated:'

• Inadequate Design Margin Problems

• Part Problems

• Specification Problems

Early Phase

• Performance Overdesign

• Unrealistic Schedule

"• Unrealistic Cost Estimates

• Stop and Go Funding

Question #3

"Are We, Space Division, Encouraging the
Existence, and Possibly the Growth of the

"Hidden Plant" Through Our Contracting

Approach or Management Practices? If We Are

Encouraging the "Hidden Plant" What Changes

Should We Consider and Why?"

Early Production

• Manufacturability

• Parts Problems

• Operator Performance

YES

But

Industry Is Also At Fault!

Some Suggested Changes

• Improve the Design Review Process

• Degrade the Sanctity of the Oual Model

• Encourage Automation and Computer-Aided
Design

• Use Mil-Std-1520 Enthusiastically

• Tailor Specifications

• Use the Profit Motive Properly

• Provide Management Continuity
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GENERAL DYNAMICS CORPORATE

QUALITY IMPROVEMENT PROGRAM

D. 3. Talley

Vice President -Quality Assurance

General Dynamics - Fort Worth Division

The General Dynamics Quality Improvement
Program (QIP) is a major Corporate com-
mitment to support the Department of De-
fense Bottomline Initiativies, improve the
quality, and reduce the cost of delivered pro-
ducts. (This program is the first of its kind in
the Defense Industry in response to the chal-
lenges put forth by the Bottomline confer-
ence.) The policy is to improve systems and
processes prior to design release, material
acquisition, fabrication, and assembly to
assure that quality is built-in, rather than
attempting to inspect and test quality into the
end products. The QIP will generate increased
quality awareness throughout the Corporation
to improve the total cost effectiveness of
delivered products. The three main features
of the QIP approach are: top level
management involvement and commitment,
annual improvement goats which are measured
and reported, and massive training and
awareness program. The following paragraphs
briefly explain the major elements of the
program.

o Near-Term Elements

In order to capture the earliest bene-
fits of quality and production im-
provement, early program efforts
will be addressed to the near-term
program. Those qualiW and cost de-
tractors which can be managed and
controlled immediately to minimize
their impact are:

2.0

Scrap
Rework
Overtime
Yield

Engineering Change Notice
Product Support
Material

Training

Twelve parameters have been estab-
lished related to the near-term ele-

ments with improvement goals, mea-
surement techniques, standardized
descriptions, and reporting require-
ments. The twelve parameters are
described in more detail in other sec-
tions of this document but are listed
here for reference:

Scrap (labor hours and dollars)
Rework (labor hours)

Avoidable Engineering Changes
Software Change Requests
Inspection Escapes
Material Review Board QARs
(rejection documents)

Logistics Response Time
Deviations/Waivers
First Time yield
On-time Delivery of Purchased
Material Production Require-
ments
Purchased Item Quality
Overtime

L onR-Ter m Elements

The best approach to higher quality
begins with a disciplined quality atti-
tude at the start of a program before
the schedules and design parameters
are _rozen. To tully address this
approach will be the long-term basic
program plan. Long-term quality
concerns must begin with the initial
user requirements and continue
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3.0

through the advance development,
the program proposal, the program
schedule, the program costing, and
the program hardware specifications.
The selection of suppliers and team
members and the ongoing design pro-
cess, design proofing, and production
release with the producibility verifi-
cation are key milestones to be ad-
dressed in the long-term basic pro-
gram. The long-term areas, which
will be expanded as the program de-
velops, are:

User requirements
Proposal schedule, cost, and spe-
cifications

Design considerations
Release to production
Communication
Material

Training
Facilitization

Scrap and Rework/Repair

a. Scrap is nonconforming material
that is not usable and cannot be

economically reworked or re-
paired. The measurement tech-
nique is as follows:

Determine actual labor

hours spent on scrapped
hardware and report as a
percentage of the actual
manufacturing direct labor
hours expended monthly.

Determine the cost of ma-

terialin scrapped hardware

and report as a percentage
of total material issued

monthly.

The controlling document for
scrap accounting is the Quality
Assurance Report (QAR) or equi-
valent rejection document.

be

C.

Rework/repair is labor required

to correct a work-in-process

nonconformance, labor required

for compliance to engineering
change, or labor required to cor-

rect deficiencies in vendor sup-

plied parts when schedule and
economics justify. The measure-

ment technique is to determine
actual hours spent on rework/re-
pair as a percent of total actual
manufacturing direct labor hours
expended monthly. The control-
ling document for rework/repair
accounting is the QAR or equiv-
alent rejection document.

Scrap and rework occurrences
will be recorded and reported in
four principal categories:

(I) Error caused and therefore
avoidable

(2) Funded process fallout
(3) Customer furnished mate-

rial

(4) Change introduction

The major scrap and rework im-
pact falls in category (1), error
caused. These errors can be
traced to the source and mini-
mized. Source causes could be:
errors in manufacturing (work-
manship deficiencies), design, in-
spection, specification, proced-
ure, planning, etc.

In the process fallout category

(2) the scrap/rework may be

caused by a state-of-the-art

capability_ performance optimi-
zation, or inherent limit. Exam-

ples are:

l) Removal and scrapping of
electronic components such
as resistors or capacitors
used for performance tailor-
ing. This tailoring must be
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a planned and funded task to

be in category (2) and nor-

mail)'occurs in planned ori-

ginal design or a build-to-
print second source pro-

gram.

2) Selective fit assembly such

as shims or bearings in
mechanisms of a precision

nature.

3) Testing of one-shot devices
or single-use items such as
ignitors,fuses, fuel thermal
batteries,etc.

4) Program requirements to
conduct periodic environ-
mental or conformance

testing of systems or com-

ponents with the refurbish-
ment and/or scrap/rework
of items in the test samples.

5) Proofing loss due to unus-
able nonconforming mater-
ial caused by evaluation of
tools during the tool inspec-
tion cycle.

6) Process yield loss which is
the expected amount of un-
usable nonconforming ma-
terial resulting from ex-
ceeding the capability of
existing processes and con-
trois.

Government furnished material.
In special cases the component
or equipment supplied by the
customer may not or cannot con-
sistently meet the application
requirement. In these cases the
cost and schedule impact on the
division operations must be iden-
tified, recorded, and reconciled
with the customer.

_.0

5.0

Changes introduction. Obsolete
material, or scrap labor and
scrap material result when
changes are introduced into pro-
duction or design. These
changes can be either division or

customer originated. When a
change is made to accommodate
the customer, the task and divi-
sion impact is customer funded
and should be recorded. When an

unplanned change is made to
meet the sole definitive com-
pany obligations, the material
and division impact is to be iden-
tified and reported as a category
(1) item. When a change is made
that a joint respons_ility of the
customer and _he division, the
record and reporting shall iden-
tify the respective category.

Inventory Adiustment

Inventory adjustment is loss and gain
of material from stock and work-in-

process as identified through periodic
audit of records and hardwtre. Actu-
al net hours affected by inventory
adjustment will be determined and
reported as a percentage o I the actu-
al manufacturing direct labor hours
expended monthly. The net cost of
material affected by inventory ad-
justments will be determined and re-
ported as a percentage of total ma-
terial issued monthly.

Yield

Yield is the measure of the amount

of acceptable hardware realized from
a manufacturing operation or pro-
cess, an inspection point, or test
operation. Units which fail when
presented for first-time acceptance
result in added cost due to rework,
scrap, retest, and reinspection. The
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6.0

7.0

measurement technique will be to re-
cord the number of units accepted
for the first time and report as a
percer, tage of the total number of
units presented for the first time, on
a monthly basis. Units include hard-
ware at all levels of fabrication and

assembly which are presented for ini-
tial, or first=time acceptance. Sepa-
rate measurement and reporting will
be accomplished for first time yield
of assembled hardware at test equip-
ment acceptance points and of fabri-
cated hardware at visual/dimensional
inspection points.

Overtime

Overtime is utilization of an em-
ployee more than a normal/planned
workweek. The practice is typically
employed to regain desired schedule
position while not affecting payroll
manpower levels. Excessive over=
time is mainly caused by schedule
problems that can be related, in large
part, to scrap and rework. A high
level of overtime causes higher ener-
gy usage, premium pay, personnel in-
efficiencies and fatigue, management
problems, greater span of control,
poor communications, etc., and is
therefore, not a quality incentive.

An upperbound of 5% is a good ceil-
ing. A steady level of 5% indicates
planned or permissive overtime. The
measurement technique will be to de-
termine division-wide direct labor
overtime hours and report as a per-
centage of total division straight
time hours (direct and indirect) ex-
pended monthly.

EnRineerinR Chans¢es

The quality of the engineering re-
lease to production and the subse-

quent maintenance and support of
that technical data package has a

significant imvact on product quality,

S.0

cost, and schedule. In order to mea-
sure and improve this element of
quality (quality of design), the num-
ber of engineering changes that are
avoidable changes will be tracked.
Avoidable changes (AC) are those
changes required due to some in-
adequacy or fault in the engineering
release package; i.e., changes re-
quired to make the product work or
make it producible on the manufac-
turing floor.

All active production programs will
be measured by the number of ACs
per drawing per month. Report as
the number of ACs per drawing (ac-
tive production drawing base) on a
monthly basis. The measure will not
include changes for cost reduction
and customer-directed changes for
performance improvement.

Software Performance

Various methods of measurement of

the quality of engineering released
software will be utili_ed, as best

fitted to division products and pro-
cedures=

a. Software change requests (5CR)
are initiated subsequent to re-
lease to correct errors found

during proofing of the computer
program and aLso for documenta-
tion and support software. The
number of SCRs per l,O00 Engi-
neering man-hours expended on

software, will be reported on a

monthly basis.

be Software quality factor (SQF) of
formally released product soft-
ware is the number of errors

reported in the software change
requests, excluding SCR.s attrib-
uted to systems engineering,
mechanization, etc., per I,O00

bytes of code in the formally
qualified program units, Errors
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9.0

10.0

C,

associated with Software Engi-

neering SCRs written after for-
mal qualificationof the software

and the number of bytes in the

affected program units will be
recorded and used as the basis

for computing SQF.

Errors per thousand linesol code
(totallinesof source code in the

program and data base, including
both executable and nonexecu-

table statement). At each sott-
ware release subsequent to FQT,
the number of errors corrected

in the update (if any) and the
llnes of code in the prior (base-
line) release wil be identified for

purposes of determining error
rate per thousand lines of code.

On-Time Delivery of Production Re-
quirements

This element measures the efficiency
and timeliness of introducing re-
quired purchased material to the
manufacturing process. Production
requirements are those materials in-
corporated into the end products.
Issues are the number of material
items released. Manufacturing
schedule demands are the number of
material items needed to meet fac-
tory start dates. Several depart-
ments contribute to performance re-
[=ted to this element, including Pur-
chasing, Receiving, Receiving Inspec-
tion, Electronic Component Screen-

ing, Material Control and Handling,
and Kitting. The ratio of on-time
issues to manufacturing schedule de-
mands is determined and reported on
a monthly basis.

Ouality of Supplier Material

Major impacts on production cost,
schedule, and quality can be caused
by a relatively small number of pur-
chased item failures and rejections,
either upon receipt or after use in

II.0

12.0

higher levels of assembly. The ratio
of the number of parts (pieces) re-
ceived will be determined, and re-
ported on a monthly basis. Accep-
tance means acceptance by source
Inspection, Receiving Inspection, or
the user less those subsequently re-
jected as vendor responsibility after
issuance.

In those cases where piece part data
is not available, it may be necessary
to measure supplier material quality
on the basis of purchase order line
items received.

Inspection Escape s

The accuracy of visual/dimensional

inspection is critical to ensure that
nonconforming hardware is detected
at the point of origin. Noncon-
formances processed to other depart-
ments represent added cost and in-
dicate inefficienciesin the inspection

process. The measurement technique
employed is to determine the number
of out-of-department QARs (prior
department responsibility) originated
as a percentage of the total number
of QARs originated on a monthly
basis.

Material Review 5oard QARs

The volume of rejection documents
(QARs) processed in the Material Re-
view Board is a reflection of the

amount of nonconforming hardware
generated in the manufacturing pro-
cess. Reduction of MRB documents
will reduce the costs involved In ma-
terial control, handling, MRB labor,
repair planning and repair labor,
scrap analysis and disposal, and cor-
rective action. MRB actions require
customer approval and, thus, provide
high visibility of the nonconform-
ance, as well as the effectiveness of
the corrective action system. The

measurement technique employed is
to determine the number of QARs
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received in MRB per 1,000 manufac-
turing direct labor hours, and report
on a monthly basis.

13.0 Logistics Performance

Early resolution of field problems
provides for improved customer rela-
tions and demonstrates effective sup-
port of the product. Customer re-
ports of problems may be in various
formats, such as Service Report (SR),
Equipment Deficiency Report (EDR),
System Hardware Difficult7 Report
(SHDR), Quality Deficiency Report
(QDR), Material Deficiency Report
(MDR), and Equipment Performance
Report (EPR). The measurement
technique employed is to determine
the percent of these problem reports
answered on time, and report on a
monthly basis.

14.0 Deviations/Waivers

Deviations and waivers are initiated
to cover departures (including make-
it-work fixes) from contract baseline

requirements to allow delivery of
contract end items. A deviation is
written authorization, granted prior
to the manufacture of an item, to
depart from a particular performance
or design requirement of a contract,
specification, or referenced docu-
ment, for a specific number of units
or specific period of time. A waiver
is written authorization to accept a
configuration item or other desig-
nated items, which during production
or after having been submitted for
inspection, are found to depart from
specified requirements, but neverthe-
less are considered suitable for use

"as is" or after rework by an ap-
proved.

The actual number of deviations/wai-
vers recorded on each contract end
item at the time of delivery is deter-
mined and reported monthly. This
element will be tracked by divisions
in summary form (all active produc-
tion programs combined) and by in-
dividual production programs.
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GeneraI Dynamlcs Corporation Commitment To
Support The DOD Bottomline Inillatlves

Corporate Involvement In
Quality Improvement, Cost Reduction

And Long-Term Education

(A) Corpmata directives for division ptsnl -- addmmg ClmdJty of wo_
':osl of products and training program.

tO) Comcmde targets and measures of dlv_don pee/onmmce.

(C) CmlUnuou8 nrospm:e group council pef/ommm:e nndews

and improved implement=lion.

Aerospace Quality Improvement Program

GENLq_U. DYNAMICS COIiPORAI"ION III MAKING A MAJOR COMMITMENT
TO iMPROVE THE QUALITY OF PRODUCTS BEING PROOUCED IN THE
AEROSPACE DIVIIIIONIL

11JI1 IIJl_1 I_ I,vJ IIM1_ _Na _ m
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Quallty Awareness
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Agenda
Quality Improvement Program

14-15 September 1982
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Education -- Training and Continuous Application
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Ouellty Improvement Program

• _ 8TRUCTUIqED TO CAPTURE IMMEDIATE BENEFITS.

• _ DEYELOPMENT Of THE QUALITY PROGESs THAT PlqEV1[N11
ERRORS.
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Ouallty Improvement Program
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Corporate Aerospace Council
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Selected Example of General Dynamics
Aerospace QIP Goal

Scrap + Rework + Repair
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Quality Improvement Program
Pedormance Recognition

PAIU_tE'I'ER

• _mmem QIP Table
OI.¢U_m

GOAL

e_lF.Im_l_Taql_

DESCRIPTION
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VALUE ENGINEERING AS A

MOTIVATIONAL PROGRAM

Tony Negrete

Hughes Aircraft Company

4 June 1983

It has been said that the single most useful intellectual tool

that man possesses is the ability to classify. This ability however

does not develop automatically or uniformally. Although I have been

working with Value Engineering (VE) for about 10 years, and my

academic background is such as to dispose me to think of VE as

motivational, I must confess that I did not think of it as such until

I was asked to speak on it in this panel, the theme of which is

Motivational Programs. Examining the subject has crystallized some

disturbing impressions that have formed through the years.

My conclusions are that in both the sharing clauses in government

contracts and in the application of the VE Methodology, the mo-

tivational potential does not appear to be what you might expect from
the stimuli.

Before I explain my conclusions, I want to say that I am going

to be discussing two kinds of VE. Being steeped in VE, or Value

Analysis as it was originally called, as a methodology, when I talk

or think of VE it is the methodology that I have in mind. I also have

to keep in mind the fact that some people who are familiar with the

VE clauses in government contracts, but not familiar with the method-

ology, think that VE refers to the contract clauses. So let's just

keep in mind that there are two distinct referents for VE.

Let's consider the results from contract clauses first. The

incentives for the contractor certainly are powerful. The Govern-

ment shares the savings with the contractor. There have been

recommended savings in the million of dollars. There have been cases

when the contractor earns more from his share of the savings than
from the contract.

The incentives for the Government are also equally compelling.
[I]

I. Save money

2. Improve schedules

3- Enhance or expand utility

• Provide politically feasible path to

eliminate excessive requirements and upgrade
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Here are the results for a period from 1976 through 1982 [2] of
the savings to DoD from the contractor program - a piece of a peanut
(.23%) compared to the Total Obligation Authorization (TOA). When
we compare the number of Value Engineering Change Proposals (VECPs)
to the number of contracts awarded we see that we have at least one
whole peanut (1.39%). Imagine what it might be to have at least one
VECPper contract. If we look at the data over time we see that there
does not seem to be a trend toward improvement. While the dollar
savings and TOA are increasing, the percentage of savings to TOA is
not increasing.

Let us now consider the application of the methodology. The
methodology consists of the step by step application of a collection
of techniques for identifying and eliminating unnecessary costs. I
don't have the statistics, but from my experience with the method-

ology I am convinced that to the degree that you apply the techniques

rigorously, to that extent you improve the probability of making

large cost reductions. There are two motivational aspects to the

methodology: first, the increased opportunity for large earnings

from savings by the contractor; second, the intrinsic motivation in

accomplishing a task competently.

It has been my experience that all who attend Value Engineering

workshops appreciate the value of the concepts and the training

greatly. There are many people teaching Value Engineering across the

country and it has been estimated that between 100,000 and 500,000

people have been trained. These people have worked on projects for

which substantial reductions in cost have been proposed both during

the workshops and afterwards. While I can't really speak for all of

them, it has been my experience that very few changes during or after

the workshops stem directly from rigorous application of the tech-

niques. This does not mean that spectacular changes cannot occur

without the VE methodology such as this waveguide feedhorn that was

changed from a design that required many parts, special processes and

close tolerances, to one that is essentially a printed circuit

antenna using strip line techniques with the cost reduced by 90%.

I must conclude that while the insights gained in the workshops

do carry over to some individual behavior in fragmented or adapted

form, the intellectual acceptance of the methodology lacks mo-

tivational potential in terms of altering behavior pervasively.

I would like to discuss the motivational aspects of VE using some

theoretical structures as a framework: a taxonomy of cost reduction

behavior; a motivational paradigm; and a definition of learning.
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Sometime ago I started constructing what I call a Taxonomy of
Cost _educ_ion Behavior. The principal categories are:

I. Set

2. Opportunity

3. Awareness

4. Competence

5. Motivation

6. Tools

While it was designed with the individual in mind, we should keep in
mind that we are dealing with organizations as well as individuals
and that organizational behavior is analogous to individual be-
havior. If we look at motivation as the impetus to acting, we can
look a_ the other factors as facilitative or constraining. For
example, if the opportunity does not exist, is not visible, or the
set to restructure the situation to create an opportunity is not in
the individual's or organization's repertoire no amount of motiva-
tion is going to result in desirable change.

In oversimplified form, the motivational paradigm tells us that
we change behavior when we discover that the pleasure from engaging
in the new behavior is worth the trouble to make the change or that
the current experience is so painful that the only recourse is a new
behavior. Learning is defined as the acquisition of new insights
that leads to a change in behavior.

The problem that this leads to is:

Given the substantial number of dollars that are
available to the contractor for engaging in behavior
that is essentially the same as his everyday behavior
and that the contractor is in business to acquire dollars
for engaging in his everyday behavior, why is the response
to the stimulus so low and not improving?

If we can make what I think isa safe assumption, that money does have
motivating potential and that there is motivation in a job well done
(intrinsic motivation), we can restate the problem in operational
terms:

What learning must occur to increase the behavior that
leads to reduction of costs?
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Do not despair at these gloomy conclusions. In the words of Thomas
Gilbert, [3] the worse the situation is, the greater the potential
for improvement.

It seems to be an established phenomenon that it takes a long
time for an idea to catch on. Twenty years between the public
exposure of VE by the publication of the Government VE Handbook, and
the VE contract clauses is not really too long a time if you look at
the history of acceptance of ideas. For comparison think of sta-
tistical process control which first got wide publicity through the
publication of Dr. Shewhart's book in 1931. [4] It's been used in
many places but you can't say it caught on in a big way until the
Japanese picked it up in the 1960's. It might be of interest to you
that they have picked up VE in the same way, and have a Miles Award
for VE similar to the Deming Award for Quality. [5]

We need to influence the rate of acceptance of VE. The customer
has a major role in this. The set, or attitude, of the Government
contracting people has been ambiguous at best, obscuring the oppor-
tunity, diluting the motivation and diminishing the motives to
develop awareness, competence, and the use of cost reduction tools.
The inhibitions stem from: the attitude that VE is a ripoff;
interfering priorities; and lack of competence.

Now that I have aroused your attention with that last statement
let me explain it - I mean it in a very narrow sense. I've referred
to intrinsic motivation relative to application of the methodology;
there is intrinsic motivation in being able to do a job well. [6] It
can even be said to be fun. [7] This kind of motivation arises when
the job is known so well from successful practice that it is a habit
not a chore.

All government and contractor contracting personnel and those
who influence contracting should be thoroughly trained in the VE
methodology and administration of the contract clauses, and given
support and incentives to create the set that will make these
practices an integral part of their contracting behavior. One
important aspect of support is the transforming of contracting
practices to give the effort toward cost reduction the priority that
circumstances require. The attitude that VE is a ripoff should be
countered with insights into the concept and nature of unnecessary
costs. They arise mostly through understandable reasons:

Habit
Budget constraints
Time constraints
Technology
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No one starts out to make a poor design. The waveguide antenna
that we saw earlier is an excellent design that I am certain the
designer and manufacturer are proud of. If you sent out an RFP for
a 3 CMmicrowave test antenna to many reputable contractors you would
probably get back a lot of waveguide designs. Given the time and
budget constraints it is remarkable that designers come up with one
good design let alone several from which they can pick the best.

One objection that we can dismiss without another word is that
the contracts and specifications are so perfect that there is no
opportunity for improvement.

This is not to say that abuses cannot occur and part of the
training that should be instilled in contracting people is how to
detect and respond to these competently.

Fortunately there is an encouraging increase in interest on the
part of the government. The latest evidence is the strong commitment
expressed at the Aeronautical Systems Division Briefing on VE by
General McMullen and others. But words, exhortations and commitment
are not enough. The tools and the climate to use them must be
provided. It must also be demonstrated by actions all the way down
_,e _,_n of command and +_"_ +_ ' _ _...... _..... e contractor s o.g .... zation that
cost consciousness and the use of cost reduction tools is a way of
life.

When customer barriers to cost reduction proposals are replaced
with: responsiveness; contracting practices that facilitate cest
reduction efforts; and demand, the contractor is more likely to
respond to the motivational aspects of the contract clauses. The
increased opportunity may even stimulate interest in training con-
tractor people in VE methodology to maximize the income from VECPs.

The inhibition to apply VE techniques systematically arises from
two related phenomena. First what de Bono calls the intelligence
trap. [8] The cultural premium placed on being right. [9] If the
phenomenon were to be verbalized it might be something like this, "We
know how to solve problems why should we go through the tedious
filling out worksheets in a step by step way to identify the problem?
We can solve the problem without this drudgery." The intelligence
trap leads to a problem solving strategy wherein the solution is
attempted at the expense of understanding the problem thoroughly. VE
is a structured problem solving method which consists of a problem,
identification phase, a problem solution phase, and an implemen-
tation phase.

The intelligence trap in VE is analogous again to the quality
control experience. In the process control view of quality control,
the first phase amounts to a problem trend identification phase. If
you use this procedural tool as a way of life you do away with the
hidden plant [8 ] that is with inspection, rework and scrap. But it
hasn't caught on for the reasons we have discussed. This way of
approaching problems becomes a habit what we need is new habits.
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The second reason for inhibition of the systematic application
of the VE methodology is one we have touched upon before, and that

applies to statistical process control also. It is the lack of

practice and hence the lack of competence motivation, that is of

being able to do something well.

The training to be effective must, as in the case of government

personnel, include all the contractor's people who influence the

design and the contract. Executives and managers must be conversant

with the methodology so that they know what to expect and can manage

its application effectively. The training should be such that the

concepts, practices, and use of the tools become so internalized that

they become a way of life. Alfred North Whitehead said it this way

[lo]:

It is a profoundly erroneous truism, .......

that we should cultivate the habit of thinking

what we are doing. The precise opposite is the

case. Civilization advances by extending the

number of important operations which we can

perform without thinking about them.

Some other tools that may help are: transformation of costing

practices to give visibility to costs and to highlight VE targets to

facilitate cost reduction; VE plans that identify VE targets,

strategies, study programs, provide guidance to contractor per-

sonnel etc.; and supplier VE programs. Many ideas can be found in

the monthly publication Value Digest published by Tufty Commun-
ications Co., Washington, D. C.

To summarize there is a great potential that we can work on at

a crucial time but we must act to provide opportunity, facilitate the

application of tools, and bring to bear the great motivational

potential of the sharing strategy and the methodology.

In closing, let me remind you of a law of nature - change or die.
[11]
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A TAXONOMY OF COST REDUCTION BEHAVIOR a
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MANUFACTURING TECHNOLOGY

Dr. Gary Denman

AFWAL/Materials Laboratory

ORGANIZATIGN LEVEL
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PRODUCTIVITY INmATIVE$
AND POLICIES

• ACC_J=S_TION IMPROVEMENT PROGRAM

• PRODUCTIVITY INITIATIVES

• MANUFACTURING TECHNOLOGY

• TECHNOLOGY MODERNIZATION

• AIR FORCE COMMAND PRODUCTIVITY

MOTIVATION

• GET PRICE

OBJECllV_

• PROMOTE PRODUCTIV_Y

• MAKE IT AN AEROSPACE PHILOSOPHY

• DEFINE INITIATIVES AND POLICIES

• EXPLORE IMPLEMENTING OPTIONS_

GOVERNMENT AND CONTRACTOR

• IMPROVE pRODUCT|VI_

• MAINTAIN QUNJTY

• MINIMIZE COST

A
IMPLEMENTATION OF PRODUCTIVITY ._t_L

IMPROVEMENTS INITIATIVES AND POUCIES

• CONTRACTING FOR PRODUCTIVITY

• MULTIYEAR CONTRACTS

• CAPITAL INVESTMENT tNCENTNES

• AWARD FEES

• INDEMNIFICATION pROVISIONS

• PRODUCTIVITY MEASUREMENT

• MIL-STD'1567

• COST SCHEDULE CONTROL SYSTEM

CRITERIA (CSCSC}

• CONTRACT MANAGEMENT SYSTEM

EVALUATION PROGRAM tCMSEP)
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OflGANIZATION LEVEL AND

AFPflO ORGANIZATION

• EXPLANATION OF FUNCTIONS

• MAJOA PROGRAM OESCFUPTK3NS

MUTUALPROBLEM$ AND CONCERNS

• GOVERNMENT REVIEWS

• PROOUCTK)N READINESS REV1EWS

• MANUFACTURING CAPABa.ITY REVIEWS

• SHOULD COST

• DESIGN tqEVIEWS

• PROGRAM REVIEWS

• WOFIK MEASUREMENT BENEFrrs

• WOFIK ETHIC--HUMAN BEHAVIOR

• PFIOOUC:TNITY--A WAY OF LIFE
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-- iNTEGRATED COMPUTER-AIDED MAMIJ_ACTURIHG
-- AIR FORCE LOGm'I1CS COMMAND INITIATIVE
-- MANUFACTURING SCIENCE

FUNDING
-- PE 7._11F

MANAGEMENT
- AFWAL/MLT

TECHNOLOGY MODERNIZATION
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- SYSTEM
-- FACTORY

-- IIUBCONTRACTOR IVI!NDOII

FUNDING
-- PE 7.mllF, PRODUCT DIViI_OI_ AND INDUIITRY

MANAGEMENT
-- AIM OFFICE AND PRODUCT DIVllIONI

BASIS FOR AF MAN TECH
INVESTMENT 8"rRATEGY

• CONTRIBUTIONS TO PRODUCTIVITY
IMPROVEMENT

• COST DISTRIBUTION FOR BATCH
MANUFACTURED PRODUCTS

• LIFE CYCLE COST DISTRIBUTION
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MANUFACTURING
TECHNOLOGY MAJOR

PROGRAM CATEGORIES

• GENERIC MANUFACTURING TECHNOLOGY

• INTEGRATED COMPUTER-AIDED
MANUFACTURING

• AIR FORCE LOGISTICS COMMAND

INITIATIVE

• MANUFACTURING SCIENCE

ADVANCED NIACI41NING
SYSTEMS

. .r

FMS/IMS FOR MACHIN!PJG

.. m, LL

GENERIC MANUFACTURING

TECHNOLOGY

OBJECTIVE

• PRODUCTION PROCESS FOR NEW
MATERIALS AND SYSTEM COMPONENTS

• PRODUCTIVITY ENHANCEMENT AND

QUALITY

MAJOR THRUm

• MACHINING

• COMPOSITES PRODUCTION INTEGRATION

• PROPULSION TECHNOLOGY

• QUALITY MANUFACTURING

• ELECTRONICS PRODUCTION

• CRITICAL/STRATEGIC MATERIALS

COMPOSITES
INTEGRATED FLEXIBLE

AUTOMATION CENTER (IFAC)
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TITANIUM POWDER
METALLURGY IMPELLER

QUALITY ASSURANCE
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INTEGRATED COMPUTER

AIDED MANUFACTURING

(ICAM)

OBJECTIVES

• REDUCE COST (INDIRECT)

• CUT LEAD TIMES

• IMPROVE QUAUTY

• ENHANCE SURGE CAPABILITY

• INCREASE FLEXIBILITY

com_NT
• GROUP TECHNOLOGY

• FLEXIBLE INFORMATION MANAGEMENT

• SHOP FLOOR CONTROL

• SHEET METAL CENTER

DEMONSTRATION

SHEET METAL CENTER
MINIMUM REQUIREMENTS

SYSTEMS

INTEGRATED COMPUTER-BASED PLANNING, SCHEDUUNG,
AND CONTROL 8YS'TEM FOR PRODUCTION AND GA/GC

PROCESSES

AUTOMATED AND CONVENllOEIAL
• BLANKING

• STRAIGHT UNE AND CURVED SENDING
* GAIGC

CAPACt'lrY
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• WIDE RANGE OF PART FAMIUE$ (18% OF TYPICAL

AEROSPACE SHEET METAL PARTS)

ONE SHEET METAL
AEROSPACE FACILITY

1 GENERAL FOREMAN

4 FOREMEN

1 PRODUCTION CONTROL SUPERVISOR

7 PRODUCTION CONTROL PERSONNEL

6 PRODUCTION CONTROL EXPEDITERS

2 QUALITY ASSURANCE PERSONNEL

1_55 FABRICATION PERSONNEL
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AIR FORCE LOGISTICS

COMMAND INITIATIVES

OBJECTIVE

• MAN TECH FOR REPAIR AND MAINTEN-

ANCE PROCESSES

• MODERNIZATION OF AIR LOGISTIC

CENTERS

• QUALITY IMPROVEMENT IN REPAIR
PROCESSES

CONTENT

• ADVANCED INSPECTION TECHNOLOGY

• ENGINE REPAIR CENTER

• ELECTRONICS REPAIR CENTER

• BONDED STRUCTURE REPAIR
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INTEGRATED BLADE INSPECTION SYSTEM
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REUABILITY

HUMAN COMPUTER
r_70% N%

RENSlTIVITY
BETTER OLrTECTABLq'YANO_AllQN

HUNAN COMPUllR
.o1|"._o" alo'*

COST

IMPROVED THROUGHPUT

MO PARTS PER HOUR

i
J

MANUFACTURING SCIENCE
AN INOVATIVE MANUFACTURING INITIATIVE

OBJECTIVE

ENHANCE THE SCIENCE BASE FOR

FUTURE DEFENSE SPECIFIC

MANUFACTURING

APPROACH

• ADOPTIVE AUTOMATED PROCESSES

• ADVANCED UNIT PROCESSES

• ARTIFICAL INTELLIGENCE (ROBOTICS)

• INDUSTRY- UNIVERSITY-

RESEARCH INSTITUTE TEAMS
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I,(EY ELEMENTS OF TECH MOD

TECHNICAL

• STRONG EMPHASIS ON ANALYSIS, PLANNING AND

INTEGRATION
• FOCUS ON MANUFACTURING CENTERS

• SATISFY MANUFACTURING TECHNOLOGY CRITERIA

CONTRACTUAL INCENTIVES

• tNDEMNIFICATION

• SHARED SAVINGS

• AWARD FEE

• SHARED COST

• ACCELERATED DEPRECIATION

• OTHER

CREATE A WIN/WIN SITUATION

TECHNOLOGY

MODERNIZATION

• ACCELERATED IMPLEMENTATION

• LEVERAGE CAPITAL

• GOALS

-- REDUCED COST

-- ENHANCED PRODUCTIVITY

-- IMPROVED INDUSTRIAL BASE

• THRUSTS

-- SYSTEM

-- FACTORY

-- SUBCONTRACTOR/VENDOR

ACTIVE AIR FORCE

TECH MODS (FY 82-83)

SYSTEM

F-16

LANTIRN

C-6 WING

B-1R

JTIDS

SEEK TALK

E,-4B

MEECN

AMRAAM

SUBCONTRACTOR /
FACTORY VENDOR

WESTINGHOUSE F-16

SUBCONTRACTORS

BMAC TWT

PWA

GE
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TECHNOLOGY TRANSITIONED
FROM MAN TECH TO TECH MOD

EXAMPLES

MAN TECH TECH MOD

• ICAM SYSTEMS ENGINEERING METHOOOLOOY ALL

-- ARCHITECTURE
-- IOEF MODEUNG

- GROUP TECHNOLOGY

• HERMETIC CHIP CARRIERS AMRAAM, LANTIRN,
ROCKWELL-COLLINS (JTID$1

• AOVANCED COMPOSITES F-1E

• PRINTED WIRING BOARD WESTINGHOUSE, SEEK TALl(,
PROCESSING TECHNIDUE$ LANTIBN. SINGER

• CAPACITANCE HOLE PROBE ¢-S. S-1

• PHOTOOAMMETRY r-lS, I1-1

AF MANTECH AND TECH MOD

110

1W

gO

|.

,,J 70

!.

PROGRAM FUNDING
(PE7.8011F)

i

GENERIC-

BENEFITS TRACKING

OBJECTIVE

IDENTIFY AUDITABLE PAYOFF OF MANTECH CONTRACT8

MODIS OPERANDI

* MANTECH CONTRACTUAL REQUIREMENT

-- TECHNOLOGY TRANSFER/USER IMPLEMENTATION

PLAN

-- BENEFITS ANALYSIS AND TRACKING

• INDEPENDENT ANALYSIS PRIOR PROJECTII

CONTRACTOR - APPUED CONCEPT

SUMMARY

MANUFACTURING TECHNOLOGY

• TECHNOLOGY FOR SYSTEMS

• SIGNIFICANT COST REDUCTION IMPACT

• AFLC MODERNIZATION INITIATIVE

• MANUFACTURING SCIENCE THRUST

• TECHNOLOGY TRANSFER/BENEFITS
TRACKING

TECH MOD

• TECHNOLOGY MODERNIZATION VIA
INCENTIVES

• MAN TECH TECHNICAL INTEGRITY
RESPONSIBILITY

, INTEGRATION INTO ACQUISITION PROCESS

_,_¢e_s*_ *_,1, _ .s¢*bl,s_ pro_¢_ p,_.sses for t.¢_,_loS_¢_l_ cohere, mter_*ls *r_ ¢mm_*_. I.
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QUALITY CIRCLES IN THE UNITED STATES AIR FORCE

Major Russell F. Lloyd

Wright-Patterson AFB

The U.S. Air Force has become intrigued with the concept of Quality Circles

as a means of better achieving its organizational mission. Ropular management

literature contains a large number of anecdotal reports testifying to the

value of Quality Circles as an effective management tool. Cost reductions,

increased productivity, better product quality and improved employee morale

represent only some of the purported benefits of successful quality Circles

programs conducted in the private sector. These often stunning accomplish-

m_ts attributed to Quality Circles programs have caught the attention of

administrators in the public sector. T@ere is a genuine interest within the

Air Force in the application of Quality Circles' principles to the special

problems encountered by public sector agencies. At this writing, approxi-

mately 500 Quality'Circles have been initiated throughout moist, if not all,

Major Air Commands involving a wide diversity of functional areas from

aircraft maintenance to chaplain to security police to procurement to health

oare and to the R&D environments, to name but a few. Circles exist at all

levels of the organizational hierarchy; in predominantly military environ-

ments, civilian environments, and in the more co,T_only FounG mixed environ-

ments; and they can be found scattered throughout the world geographically.

The United States Air Force has designated the Air Force Institute of

Technology (AFIT) as the principal center for education, consultation, and

research on Air Force Quality Circle undertakings. If current trends are any

indication, the enthusiasm generated by Quality Circles will soon make our

task a formidable one.
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The Air Force Institute of Technology (AFIT) is the resident Air Force

graduate scool (accredited by the North Central Association) offering masters

and doctoral degrees in various engineering and logistics disciplines. In

addition to graduate education, AFIT offers an extensive array of professional

continuing educaticn in many areas; one of which is Quality Circles (QCs).

The AFIT Quality Circle Program consists of a wide variety of educational,

consultative, and research activities on the Quality Circles process. With

respect to education, a repertoire of courses and workshop are offered in con-

junction with other educational activities. The resident 5-day course,

Principles and Techniques of Quality Circle Management , is offered monthly for

QC team leaders, facilitators, and/or coordinators. The student is first

introduced to the history, concepts, and philosophy of Quality Circle manage-

ment, and then acquires the principles, tools and techniques necessary to

teach Quality Circle coordinators, facilitators, team leaders, and circle mem-

bers. Students also learn how to introduce, apply and implement, and operate

Ouality Circles at their installations. This course includes an effective

combination of in-depth ]ectures, guided discussions, case studies, worksnops

and experiential learning exercises. Additional topics taught include group

processes (e.g., conflict management, trust, listening skills, how to conduct

an effective meeting) and evaluation methodology. Upon the completion of the

course, students leave with the materials required to implement a Quality

Circle program at their installation.

An on-site 1-day course, An Executive Perspective of Quality Circles, is

offered quarterly for general/flag officers and civilian Senior Executive

Service personnel who either have a Quality Circle program in being or who are

contemplating the implementation of one. The executive is first introduced to
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the history, concepts and philosophy of Quality Circles, and is then exposed

to select principles, tools and techniques utilized by Quality Circle coor-

dinators, facilitators, leaders and circle members. Emphasis is given to the

philosophy of Quality Circles and the implementation issues and problems/

solutions associated with them. Other topics include: private and federal

sector involvement, research findings, evaluation procedures, and an oppor-

tunity to interact with peer executives presently involved in Quality Circle

programs. Various modes of presentation are utilized, including multi-media

lectures, discussions and simulation exercises. Executives gain a thorough

appreciation of the Quality Circles concept so as to evaluate its propriety

for their organization.

One to three-day Advanced Quality Circles courses are also offered in

residence in the area(s) of group process (e.g., the conduct of effective

meetings, trust, conflict, listening, con_nunications, etc.), basic statistics,

alternative problem-solving methods, advanced Quality Circle tools, and basic

statistics. These short courses are designed to meet the needs of Quality

Circle practitioners wno desire to refine, expand or otherwise improve upon

their expertise.

Because of its mission, AFIT is the recipient of useful information from

federal sectmr colleaguec, both within and without the DOD. As a result, and

as part of its education mission, AFIT issues a quarterly Quality Circles

Newsletter for distribution throughout the federal sector. Our intent is to

publish names of resource personnel; testimonials about practical applications

that worked and did not work; evaluation results; commentary from the field on

key topics such as implementation, burn-out, union involvement, evaluation,

training, etc. The newsle£ter is free of charge and field input is empha-

sized.
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An additional element of our educational mission is the sponsorship of an

Annual Federal Sector Conference on Quality Circles. The first one is sched-

uled for 23-25 August 1983, and will contain three concurrent tracts

including Tutorials, Applications and Paper Sessions. A keynote address, ple-

nary sessions, workshops and a closing address wtl] supplement the tracts.

A final aspect of our educational mission is the offering of executive/

management orientation briefings. AFIT/LSB personnel make themselves

available to respond to requests from federal sector organizations to give

orientation briefings on the QC process to executives, middle and first line

supervisory personnel.

In its role as consultant in Quality Circles, AFIT assists federal sector

agencies in the implementation and conduct of Quality Circle programs. It is

not uncommon for organizations to face thorny issues for which they lack

experience in either the implementation of or conduct of a Quality Circle pro-

cess. Extensive telephonic consultation occurs, and not infrequently, on-site

visits are called for.

Last, but not at all ]east, AFIT is responsible for the design and execu-

tion of systematic longitudinal research on the Quality Circle process. The

professional literature is ostensibly void of rigorous research in this area.

Anecdotal evidence (i.e., testimonials) abounds in Time, Newsweek, The Wall

Street Journal and your local newspaper, but little has been done to subject

the Quality Circle process to the scrutiny of controlled, field experimental

research. As more and more executive managers contemplate the expenditure of

literally millions of dollars in initiating a Quality Circle process (or, as

bad, in deleting one) they make those decisions void of insight as to what are

the critical issues in the start-up phase; where are Quality Circles
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vulnerable; what attributes of the Quality Circle process are flexible, rigid;

when do Quality Circles perform best; or what are the causes of circle burn-

out and how they can be re-energized.

At this writing, AFIT is collaborating with six organizations throughout

the DOD in the evaluation of research of their Quality Circle programs. A

quasi-experimental design is typically used involving the collection of both

affective and objective data at a pre and at least two post measures. In all

cases, control groups have been employed. As sufficient post data is

received, we expect to submit our filndings to refereed journals for publica-

tion.

Anyone desiring further information should write or call Maj Russell F.

Lloyd, Department of Organizational Sciences, Air Force Institute of

Technology, Wright-Patterson AFB, Ohio 45433. Telephone: (513) 255-4549/452g

or AUTOVON 78_-454g/4529.
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NASA PRODUCTIVITY GOALS AND

NASA EMPLOYEE TEAMS

David R. Braunstein

Executive Director, Special ProJect
with

David j. Austin

Safety, ReliaDility and Quality Assurance Manager
National Aeronautics and Space Administration

Washington, D.C.

PRESENTED TO THE

MISSION ASSURANCE CONFERENCE

(June 6-9, 1983)

ABSTRACT

Recognizing that severe budgetary and manpower constraints

are likely to become the conditions under which it operates in

the years ahead, NASA formed a Productivity Steering Committee

to develop an agency-wide approach to productivity and

quality. The goal was to provide, in the long term, the best

possible work at the nighest level of quality under the

constraints of a constant work force and tighter budget. The
chairman of this committee is the NASA Administrator and the

membership includes key Headquarters administrators and all
Center Directors.

NASA's agency-wide effort, established less than one year

ago, is focused on seven strategic goals. One key goal is to

increase the participation of the NASA employee in the

decision-making process. No centralized productivity staff is

contemplated instead, part-time productivity coordinator

networks and working groups have been formed at Headquarters
and the centers to begin specific initiatives for the seven

goals. Each of the NASA organizational elements have been

reviewing the application of each of the goals, and one,

employee participation through NASA employee teams, is finding
wide acceptance. This is of particular interest because R&D

organizations have not historically been attracted to the

quallty circle approach.

As evidence of management's commitment to productivity, the

NASA Administrator recently _ublished its eight top objectives
and one prominent one is to 'Establish NASA as a leader in the

development and application of advanced technology and manage-

ment practices which contribute to significant increases in
both agency and national productivity."

Solving work environment problems is a goal of the NET

concept. However participative management is the long range

oDjective. We, at NAS, believe _nat by involving our employees
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in this mana&ement approach will ultxmately increase motivation

and commitment, develop leadership, resolve work related

problems, increase productivity and encourage employees to be
more cost effective.
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IMPLEMENTATIONOF THE QUALITY CIRCLE CONCEPt
IN NASA

David R. Braunstein & David J. Austin

Introduction

Mr. James Beggs as the A_ministrator of NASA has developed

an initiative to increase productivity within the agency. In

order to fully understand ana implement this p_oducLivity

objective, an overview of the organization is necessary. NASA
.......... _ _ _ •

is mau= up of Heaaquarters and nine centers w._, =L= _eml

autonomous. At Headquarters there are ten Associate
Aaministrators (AA) and support offices of the Chief Scientist,

Chief Engineer, Inspector General, Comptroller and General

Cuunsel. Three of the AAs are responsible for the nine centers

based on predominance of effort. Yet most of the operation has

been decentralized witn the Center Director Oasically in charge
of the total Center effort.

NASA PRODUCTIVITY STEERING
COMMrn'EE

NASA Initiatives

The Adminlstrator has created a steering committee maae up

of the key AAs and Center Directors, with himself as the

chairman, for purposes of developing the proauctivity
initiatives. In January of 1983 this group met at the

Westinghouse Productivity Center in Pittsourgh in order to

review Westinghouse's program and discuss their plan for

improving NASA productivity. Seven initiatives resulteO from

this meeting. One of these was to introduce (implement) NASA

Employee Teams (NET_), employing _ne quality circle process,

across the agency.
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AGENCY WIDE JANUARY 1983
PLAN

m

ESTAELISH NASA GOALS AND SUPPORTING OBJECTIVES

INTRODUCE NASA EMPLOYEE TEAMS (NETSI ACRoSs
AGENCY

PROMOTE OFFICE AUTOMATION

PLAN FOR COMMON HARDWARE AND SOFTWARE IN
ADMINISTRATIVE SYSTEMS

INITIATE PAPERWORK REDUCTION ACTIVITY

REDUCE THE PROCUREMENT CYCLE

IMPROVE SUPPORT CONTRACTOR PROOUCTIVn'y

LECTURES AND WORKSHOPS ON APPROACItFJ TO

MANAGING FOR PRODUCTIVITY

The productivity enhancelnent program is known as PIQE for

Productivity Improvement and Quality Enhancement. The intent
is to closely align pcoductivity and quality with creativity

tne normal NASA E&D environment. In March 1983 the NASA PIQE

goals were established. These goals are compatible with the

seven initiatives and especially with the NEt concept.

in

MARCH 23, 1983
AGENCY WIDE GOALS

• PR0VlD[ FOR OUR PEOPLE A CR|ATIV| |NVllt0NMENT ANO TN| ilrlrlr

Of FAi'ILITt[S. SUPPORT i[RVOC[$. AND MANA0|RIINT 8UPPO4tT DO

TNIT CAN PERFORM VViTH |XCILLINCIF...

• MAK| THt SPACE TRANSPORIATION &Y_lr'EM IPU_I.Y _ltAlrllO_L

COST iFf|CTIVI...

• ESTA_t*._S.K ik pI[IRUdi*IN[NT M&NN_[O PiRI(SS_ N4 SPdk_ TO U(l*_IIO

1rite |XPLOllATIDN AND USE OF SPACE...

• CONDUCT AN IE/FICTIV! AND Pit0OU_'lTt_ AEIt0WAVTIC| ItEIEJUIGN

AND TECHNOLOOY PROOItAIM ..

• _DNOuf_r AN [FFEm_rlvE AND PI_OOU¢'t'_ SPACE _NCI[

PROGRAM...

• CONDUCT EFFECTIVE AND PliDOUi_rlVE _PA¢ Ir APPLICdL_ON8

IrSCHNOt.ODV PI_DGAAMt..*

• EXPAND OPPORTUNrflII iIOR _/I PR|VA'IrI[ IIsCTON I_VIrETli4II_r dl_

N_0L¥1[M[NT IN ¢JVII. E,PA¢_[ AND IPACE.RELAlrED JkC/1N1ffl_.

• IITAIUSN NASA AI i t.F.JkDI[R IN THEE I_VE_ll_r JlJlO

_110N O# ADVJUeCED lrECHNOtOOY ANO MANAGEImESflr
PItAI;TICUI W_b¢)l I_DN'm_ILr(E 1'0 I;DNIiqC.AWI' mC/tEAIIW I

RecoKnition of Organization Anxieties

In order to properly gauge the climate for implementation
of the seven initiatives, organizational anxieties had to be

recognized and addressed. By understanding these anxieties,
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which were not unique to NASA or industrial organizations, we

were prepareO to positively address the initiatives. We

recognized that for NASA the key to achieving productivity

improvements is through employee involvement, both civil
servant and contractor, in all pnases of our activities.

ORGANIZATIONAL ANXIETIES
CONCERNING PRODUCTIVITY

• ORGANIZATION CANNOT KEEP ADJUSTING TO FADS

• CAN ONLY MEAN MORE PAPERWORK

• ANOTHER PROGRAM WITHOUT MONEY

• NASA ALREAOY DOES A GREAT JOB OF MANAGING

• ONLY ENOUGH TIME AVAILABLE TO SPEND ON

PROJECTS THAT ARE REALLY IMPORTANT

• WHY PUSH IT. IF YOU CANNOT MEASURE YOUR

SUCCESS

• PRODUCTIVITY NOT A NASA RESPONSIBILITY

• GOES WITH THE MANAGEMENT JOB. WHY THE

EMPHASIS NEEDED

• SEEMS TO BE MORE POUTICAL THAN REAL

• PROBABLY ANOTHER TECHNIQUE TO RATIONAUZE

REDUCTIONS

NETS

The quality Circle concept has been around for several

years now. However, the white collar and government

application is relatively new, two to three years. In NASA we
elected to call our concept NASA Employee Teams or NETs rather

tnan quality circles, because o£ the farter's association with
manufacturing organizations and because we wanted to focus on

the group approach to problem solving. The concept is known by

many different terms by various organizations thus we were not

unique in our renaming the idea within tne _ASA.

z'_ "_'I_$ EMPLOYEE ACTION TEAMS

_t.$ _'t_IIL'_M p LOY E E ACTION GROU P:ROouc_P/O_f PA..

= ,+l.o¢0 UALIT¥

...; CIRCLES
NASA EMPLOYEE TEAMS

o,,,,,.,,,,,.,,,,,, NETS.
EMPLOYEE INVOLVEMENT PRO GRAM
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The philosophy for NETs in NASA is to develop participative

management, promote leadership and management development. Our

objectives are to involve the NASA employees in resolving

problems in the organization, increase motivation and commit-
ment and create an atmosphere of creative management. We

believe that there will be a synergistic effect of improving

productivity through tl]is concept.

NASA EMPLOYEE TEAMS (NETS)

WHY -- PARTICiPATiVE MANAGEMENT

APPROACHES INCREASE PRODUCTIVITY

BENEFITS -- PROMOTE LEADERSHIP AND

MANAGEMENT DEVELOPMENT

DEVELOP TEAM APPROACH TO
PROBLEM SOLVING

ISSUES -- SUPPORTIVE MANAGEMENT CUMATE

LONG TERM REWARDS

Implementation Stragegy

In january 1983 a Headquarters/Agency Auvisory Group for

NETs was created. This group was made up of members from

several Headquarters AAs anO their centers. We put this group

together to brainstorm appraoches to implementing NETs, and

also co develop a plan that could _uiae the agencj. We also

interacted with individuals from the NASA field organizations

_o Qetermine their views and an overall strategic approach to

taking the message to the ortner parts of the organization.

HEADQUARTERS/AGENCY
ADVISORY GROUP

i

• DAVID BRAUNSTEIN CODE NAD

• DAVID AUSTIN, AGENCY TEAM LEADER,
CODE DP

• DALE CROSSMAN, CODE N (TRAINING)
• ELAINE SCHWARTZ, CODE N (PERSONNEL)
• DAVID CUSHING, CODE N (HO

COORDINATOR)
• ELLEN SEARCY, CODE N (TRAINING)

• KAM KERSEY, CODE M (SHUTTLE
PROGRAM)

• KEN JEFFRIES, CODE H

• BOB HUFFMAN, LERC
• CLARENCE COLE, LARC
• CHARLIE BOYLE, GSFC
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AGENCY IMPLEMENTATION PLAN

n ,. , i

• DEVELOP JAN IN3

• COORDINATOR MEETING FEB 1n3

• BRIEF CEN'rER DIRECTORSJKEY STAFF MAR.APR IS83

• BRIEF MIDDLE MANAGERS, STAFF.
UhlIONS. EMPLOYEES & CONTRACTORS APR 1N3

• COORDINATOR TRAINING SESSJON APR 1N3

• FACILITATOR TRAINING APR & JUNE 1N3

• PILOT* NET OPERATION OCT II1_

• CONFERENCE DEC 1N3

• NASA EMPLOYEE TEAM

The implementation strategy recognized the decentralization

of NASA, lack of a peraanent staff for full time duties, use of

part time "experts" and emphasis on centralized acquisition of
information and subsequent transfer.

IMPLEMENTING STRATEGY

• RECOGNIZE NASA IS DECENTRALJZED

• NO PERMANENT STAFF ASSIGNED TO PROOUCTIVrI"Y

DIRECTOR

• USE OF BORROWED PART-TIME "PROJECT MANAGERS"

• EMPHAS/S ON TRANSFER OF INFORMATION.

MOTIVATION. AND FACILITATING IMPLEMENTATION

Planned Phases

There were four phases of implementation. The first was

for members of the advisory group to contact IAQC, the USAF ano

consultants in order to get first hand Knowledge of the NET

concept in white collar areas. The advisory group also visiteo

Navy and indus=ry organizations where white collar quality
circles were used in research and Oevelopment or scientific and
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engineering operations. Once having convinced the advisory

group of the merits of the NET approach, we exposed our

findings to Headquarters and Center management. The

Headquarters and Center coordinators scheduled NET for their

top managers. The briefing consisted of (I) an overview of the
what, why and how of NETs, and (2) a testimonial of the results

of NETs in practice (since 1980) at the GSFC.

The third phase involved the decision of each Center

Director on whether to and now to implement the concept. At

this time each center has elected to begin a pilot program.

The fQurth and final stage is a scheduled follow-up conference

in December 1983. This conference will be a "how-goes-it"

session with each center to provide a stand-up briefing of

their status, problems, benefits, etc. We expect to have a

similar meeting, every four months until a Zinal report is

provided to the Administrator during the 4th quarter of CY 84.

PLANNED PHASES

CONTACTED: IAOC

USAF

CONSULTANTS

,o VISITED: OPERATIONAL CIRCLES

USN - RIbD LABORATORIES

SEVERAL RbD COMPANIES

BRIEF NASA MANAGEMENT

-- COORDINATORS TO DC

-- TEAM TO EACH CENTER

aW DECISION BY EACH CENTER

_" FOLLOW-UP NET CONFERENCE

Basic Implementation Concept

The fact that NASA is Oecentralized coupled with the fact

that for a management initiative to have long-term impact

argued strongly that we make any management changes to De

completely voluntary on behalf of the Center Directors. This
was key to implementation of NETs, and we assidously avoided

any suggestion of a Headquarters edict that NETs would be

implemented. We merely provided advise, encouragement to

explore the benefits that may result from NETs and guidance as

to approaches. In addition the concept had to be 100%

Voluntary from the Center Director on down. Unions and

professional Associations in the government are somewhat
different than in industry. However, union acceptance depended

on inviting their participation and keeping them informed

up-front. This was encouraged by the Advisory Group. In many
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centers the union management has been invited to participate as
a member of the advisory group/steering communi_tee. We
believe that this will alleviate future problems or concerns on
their behalf.

BASIC IMPLEMENTATION
CONCEPT

DECENTRALIZED _ VOLUNTARY

UNIONS

CONTRACTORS

TABOOS

MANAGEMENT r:l,REWARDS

TRAINING

) LERC STEERING COMMITTEE
i

ANDREW J. STOFAN

PAUL G. ANDERSON

LAWRENCJE J, ANDREWS

MILTON A. |EHEIM

ANDREW J. DENEK

N¢_O O. CLAPPER

THOMAS A. CQ_F.NS

ROBERTG. HOFFMAN

EDWAROA. NCHLk'Y

¢OUt2,ON m. SCX_

UEJ_Y G. llIDGIUX

WARNER i. STEWART

CHAIRMAN

¢OMm'ROLUER

SENIOR EXECUTIVE VlCIE PRESIDENT,
IFP'TE LOCAL 28

DEPUTY DIRECTOR. ENGINEERING AND
TECHNICAL SERVlCES

PRESIDENT. AFGE LOCAL 21112

CHIEF, TRAINtNG AND DEV1ELOPIdENT
JRANCH

CHIEF, EMPLOYEE-LABOR MLATIQNS
BRANCH

QUALITY CIRC tr PROGRAM ODORDINATOR

OfRECTOR, AOM;NISTRAI'ION ANO
C:OMPt,/'r ER SERV1CES

PRESIDENT. IFIIq'IELOCAL =l

EXECtmVE _ I_l_loDrr, AF_
tOCJU. =11=

ImRECl"OR,IENGINEE]qlI_ MID
I;ElWlCB

In addition we invited contractor participition. In the

Shuttle Program three of the five main prime contractors have a
qualiEy Circle Program. The concept is encouraged contract-

ually. It has proven very successful in improving productivity
for tne _nuttle Program. In recognition of this success, NASA

Manned Flight Awareness Panel had a competition between those
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contractors with quality circles and selected one circle for a
sponsered trip to witness the launch of STS-5. Currently our
centers have been encouraged to include their product and
support contractors in the NET process. Early indications are
that NSTL, KSC, and 3SC may consider combined NETs.

During the advisory groups early research it became

apparent that there were several areas that NETs should not

contemplate problem solving. These areas were identified in

the implemtation plan and briefed Eo center management.

A_ described previously the long range objective of NETs is

to dev_lop a style of management where each and every employee

may participate by being creative/innovative in problem

solving. In order to effectively achieve that objective both
senior and middle managers had to be convinced that NETs would

not present a threat to their positions. Our emphasis was on

covincing those groups that their employees would work on

solving work related problems that they (senior and middle

managers) did not have the time or resources to work on. We

also emphasized that recognition and awards primarily consisted

of management presentations and the ability to communicate
ideas and recommendations to management. However awards may be

provided through the normal system such as the suggestion

program. Those programs would be used by the NETs when a

successful problem solution had been agreed to by managememt.

In the beginning the need for training was recognized.

During our disussions with various organizations we realized
that there were several ways to go. Since it was NASA's desire

to develop a common NET process across the agency, we elected

to provide a centralized training course for our coordina-

tors/facilitators early in the planning stage, Our desire to

provide this training by an organiation that had both theoreti-
cal and practical expertise in the R&D area resulted in asking
one of the Shuttls contractors, Martin Marietta, to provide the

training. They revised their course to fit our needs and

presented it to 25 NASA employees during the week of April 18,
1983. The consensus of the attendees is that this was a very

good course and that it was helpful to meet the other agency
NET coordinators.

Measurement

In planning the NET process we were conscious of the need

for organizational guages to measure NET contributions.
However, it is our belief that there are too many variables

that will result in both tangible and intangible benefits and

by measuring we would fall into a trap by looking only at

uantifiable data. Our recommendation to our centers was to
evelop some measuring system where improved morale, co_itment

and management enhancements could be detemined. However, we
wanted to avoid a numbers accounting as this would ultimately

result in comparing organizations and not be truly effective.

In the end we believe this would cause the NET process to fail.
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SIMPLE

• EACH CENTER SHOULD EVALUATE MEANS OF

MEASURING

• SHOULO NOT ATTEMPT TO USE OUANTIFIASLE DATA

FOR ORGANIZATIONAL RATING FACTORS

-- TANGIBLE

-- INTANGIBLE

The NASA centers have accepted the concept and will begin
to implement pilots during 1983. Three centers, LERC, LARC,

and GSFC, h_d quality circles prior to establishment of the

Headquarters/Agency Advisory Group. They have had both
positive reaction and positive results from the circle

concept. It is anticipated that they will be expanding in the
near future. Three centers, NSTL, KSC and 3SC, may estaDlish

integrated NETS with their contractors. This idea has merit

but there are several potential areas of conflict that must be

resolved. We do not anticipate any serious impediments to this

approach. One center has not been briefed but they (3PL) are

going ahead with implementing the concept. The Headquarters
briefing, to 3P_ is tentatively scheduled for July ii, 1983.

STATUS

/,:':::f/
NO Im PtOQlUlell Vii AUG In •4

SIC MAT I ViI _ • P I_V U _VIGRATIO

J$C IIIAV I_1 Viii At_ql • 44 JliiCRArr MAIIll MAT III

• $F¢ AI_ •In _r18 ll_l_ m 14 WWlIUlIIQ _ n

tail¢ Ilia _ m • •

IaLIC Ilo& 'rills _ • II mAT N liXpLmBile

lUA _18

mmTt mvlml _ n_• _ mwnRee_Imtm_mcmm_-ftm

• _" tufa m Aul.,_Lm s4
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The approach to NETS has been co create the proper climate

for acceptance. We believe that that has ueen accomplished.

In aadition on April 5, 1983 our a_ministrator, Mr James Beggs,

signed out a letter, the subject of which is; Productivity

Program, implementation Plan for NASA Employee Teams (NETs).

The final paragraph reads, "One of the cornerstones to our

productivity program is greater employee involvement in our

decision-making. I believe NETs are a positive step in this
direction, and fully support tn-----eirintroduction into NASA.

ADMINISTRATOR LETTER TO NASA
OFFICIALS IN CHARGE

"ONE OF THE CORNERSTONES TO OUR PRODUCTIVITY

PROGRAM IS GREATER EMPLOYEE INVOLVEMENT IN OUR
DECISION.MAKING. I BELIEVE NETS ARE A POSITIVE STEP

IN THIS DIRECTION, AND I FULLY SUPPORT THEIR
INTRODUCTION INTO NA_"

SIGNED |W
JAMES M. lUNmll
aumJL it. 113

Our final step as stated earlier will be to review the

status of impiementation during the scheduleo quarterly

conferences beginning in December 1983. We believe that, as

with otrler NASA program, this concept will be sucessful in our

agency.
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NASA .MANNED FLIGHT AWARENESS PROGRAM

Darlene Medina

Motivation Administrator

Rockwell International

Space Transportation & Systems Group

_..NNED FLIGHT AWARFNESS--

The Manned Flight Awareness program is

designed by NASA to develop a strong govern-
ment-industry team spirit. The program's

objective is to instill in each worker a

sense of personal responsibility for the

safety of astronauts and fellow employees,

and also a sense of personal involvement

with the space hardware and missions.

Since its inception during the pioneering

Mercury space flights, the Awareness pro-

gram has spread to encompass thousands

of the aerospace companies that supply
hardware and services for NASA's space-

craft, launch vehicles, and support act-

ivities. Thus, today Manned Flight Aware-

ness is not just a program, but a way of
life for hundreds of thousands of dedi-

cated people who make up the manned space-

flight team.

REQUIREMENTS--

NASA handbook 5300.4 requires the five

Space Shuttle element contractors to main-

tain motivation programs. The handbook

states:

...the contractor shall maintain a

product-oriented _ i "J (....... °_

program planned and implemented as an

integral part of, and making maximum

use of, the existing motivational

effort. The program objective shall

be the prevention of human error by

instilling in individuals performing on
the contract and on critical subcontracts

thereunder, an awareness of their per-

sonal responsibility for Space Shuttle

mission success and motivating the

exemplary performance necessary to

achieve this success.

ORGANIZATION AN_ OPERATION--

A Manned Flight Awareness panel comprising

the five NASA centers and five element

contractors was established to support the

I ' hprogram requirements of the NASA handbook. T e

I panel meets at least twice a year to review

and implement the policy and operations of the

program requirements. The panel evaluates the

program effectiveness and recommends changes

whenever necessary.

To promote program effectiveness, motivational

items and key awards are offered.

MOTIVATIONAL ITEMS:

Posters to reinforce the awareness of the pro-

gram. These posters reflect messages of

concern for quality with pictures and signa-

tures of astronauts and their personal mes-

sages to Shuttle employees and subcontract-

ors.

Decals representative of each astronaut's logo.

These are distributed to all employees and

subcontractors prior to Shuttle launch. A

letter from the Quality Division Director

accompanies each item with a mesaage of

thanks for superior work and dedication to

the team effort of producing a quality

product.

Astronaut visits, definitely the largest
motivators. Shuttle crew members stoo by

several times a year, speaking to the em-

ployees and touring the facility with

management and photographers, shaking hands

with as many people as possible during the

tour time.

KEY AWARDS:

One key award is the Astronaut's Personal

Achievement Award, a silver pin/tie tack in

the form of a "Snoopy." dressed in space

helmet and suit. A letter of appreciation

and a certificate signed by the present-

ing astronaut accompany the Snoopy. The

award is presented by the astronaut in the

work area to an individual whose job per-

fomance has been outstanding as well as

meaningful in its contributions tO mission
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success. This recognition may apply to all job
qualifications and task assignments.

The Launch Honoree Award is the highest form

of recognition given through the Awareness
program. It is normally given to employees

who have previously received the Astronauts'
Personal Achievement Award and have continued

with extraordinary and outstanding contribu-
tions tO mission success. A minimum of one

Launch Honoree Program a year is planned.

The total allocation for launch honorees is

directed from NASA Headquarters to the NASA
centers. The NASA centers then allocate

viewing slots to the contractors, who in turn

select outstanding subcontractors to be

represented. The Launch Honoree Program in-

cludes VIP viewing of a Shuttle launch, a tour

of the Kennedy Space Center, and an Astronaut

reception with top NASA management and

contractors in attendance. Astronauts mingle

with the houorees for picture taking and

autograph signing. Each awardee is also
presented a co--,emorative package displaying
motivational items from different contractors

along with a cc_nemoration book listing the
names of the honorees.

Personal recognition has proven to be most

effective in motivatin 8 employees towards

error-free work, as witnessed by the ongoing
positive response received from those who

have participated. Those employees coennuni-

care their enthusiasm about the program to

their peers, inspiring other workers and
creating an atmosphere of pride and

accomplishment.
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ANIZATION AND
RATION " _' ,

® MFA PANEL

• NASA CENTERS

.... _' •ELEMENT CONTRACTORS', - •

• PERIODIC REVIEWS
• POLICY AND OPERATIONS

_._ •'EVALUATE EFFECTIVENESS __

I_,'HONOREEPROGRAM -_..... ,_,.'._ _

O

SA?MOTIVATION !_ ""

*_'_ REQUIREMENTS .._,_oo,

BASIC ELEMENTS

• PRODUCT-ORIENTED
MOTIVATION PROGRAM

• MAXIMUM USE OF EXISTING
MOTIVATIONAL EFFORT

• PREVENTION OF HUMAN ERRC)R'

=._.. , _ _ , • AWARENESS OF PERSONAL

.,,.. _ RESPONSIBILITY

• MOTIVATE EXEMPLARY

PERFORMANCE
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Tommy G. Love

of youz dedication _md commitment

to excei]eoce on cnicia! tasks
that made pols,bLe the thud
Shuttle Mission

Ship: Coivmk",

Joka F. Kennedy ,_¢ Cemef

Manned Flight Awareness
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MARITZ PERFORMANCE IMPROVEMENT MANAGEMENT SYSTEM

The Performance Improvement Management System is based on the concept of

a data based process using the principles of positive reinforcement to

improve the performance of all employees.

Some basic elements are goals, objectives, incentives (equally shared by

team's members earned based on their performance against specific vari-

ables), communications, and measurement.

The process:

i) Determine top management's special focus variables, how they measure

improvement, and its value in dollars.

2) Cascade the variable down each management level, customizing the

measurement to the function and level down to the smallest homo-

geneous work group...insuring that the member of the group can have

a direct impact on the measurement.

3) Obtain agreement on the amount of possible improvement by variable

and its total value to the organization.

4) Insure adequate data collection systems and feedback mechanisms
r

LUL _uic_ tur_-a_uu_:d _=_ # .....

5) Design an incentive program, as a phase of the system, based on the

variables selected insuring an acceptable ROI and cash flow. In-

centives could include honor and recognition, cash, merchandise,

or travel.

6) Develop and produce communications for the program period, allowing

for a two-way process...workers to management; management to workers.

7) Hold regular management reviews to develop action plans for reinfor-

cing success and getting improvement started where appropriate.

8) After the first program is completed as a ohase of the system,

re-evaluate the variables and objectives and revise where appropriate.

Then, introduce the next phase, much in the same manner as described above.

In addition, a process has been developed for Suggestion programs that has

consistently produced from i0 to 40 times the performance reported by the

National Suggestions Systems Organization. Based on the same principles

as the Maritz Performance Improvement Management System, it approaches the

Suggestion opportunity in a pro-active and meaningful way.

J. L. McAdams

Vice President - Planning & Analysis

Maritz Inc.
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PERFORMANCE

IMPROVEMENT

MANAGEMENT SYSTEMS

Jerry McAJams

MARITZ _NC.

PERFORMANCE
IMPROVEMENT

MANAGEMENT SYSTEM

• Comprehensive, data based system using

positive reinforcement to improve human

performance

• Combines

-- Martagement directed objective and goal

seffing

-- Measurement systemslevaiuation cdterla

-- Pinpointing ot specific actions leading to

desired outcomes

-- Training in management skills

-- Two-way communications

-- Incentives baaed on performance

-- Sell-funding system w(th planned ROI

THE BEHAVIOR MODEL
THAT EXISTS TODAY

PIEeFOMMAI_CE

r .............. 7

WHATYOU _ WHAT WHAT _(Y I
t

DO _(suL_L............. _-J--_

• Qe_ylle_ AI

THE BEHAVIOR MODEL
THAT EXISTS TODAY

PeClFORMANCE

ANTFCEOENT5 It 8EH._VIQR OU?COhlI_5 CONSE(_UENCES
r
I

" "_E.--v_G" I WMAT TH_ V,_" r_ i W_AT HA=PENS

_ _su _._._

• Mana_m_ent spe_4s most ol ,ts time manag4n9
amlll_ts

• Benivmr Jsa t_'_tm_ o! _ts ¢_se_mces

• To m_l)act o_comes, mtnogm thou_ to<us mael ¢m

pe_tocmanc_ you a_l geffln_ NOW _1 • tunctk>, ot
coe_le_ue_c_s you'_ es_al_tl_ld

Whm you are ge_t_g NOW m wh_ you ar_ paying for

MANAGING
CONSEQUENCES

POSITIVE NEGA_VE

(Increases _ha_o_ (D_:reases Be_

SALARY SALARY

ADVANCEMENT TERMINATION

PERQUISITES FAILURE TO ADVANCE

BONUSES PUNISHMENT

COMMENDATIONS REPRIMANDS

PA'r.ON._ACK WITHDRAWAL OF

FEEDBACK PRIVILEGES

INCENTIVES

THREATS

NOT MANAGtNG CONSEQUENCES

EXTINCTION -- DOING NOTHING

(Decreases Behavior)

THE MOST EFFECTIVE
WAY TO INCREASE

BEHAVIOR IS THROUGH
THE CONSEQUENCE OF

POSITIVE
REINFORCEMENT.

The most effective R" is

• POSITIVE TO THE INDIVIDUAL

• IMMEDIATE

• CERI"AIN

HOW MANAGEMENT CAN
IMPACT BEHAVIOR

r...............
E_AB_S_, i PqOWOI

_ _ _SU_
....... ,......... _J........

, L ..............

....... u_Geu_
_Oe_CK

HOW A PERFORMANCE
IMPROVEMENT SYSTEM

ENHANCES THE
BEHAVIOR

MODEl.

m_U_NC|

i- i

MANAGEMENTTOOLS

TO CHANGE

BEHAVIOR
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) MANAGEMENT TOOLS
TO CHANGE

BEHAVIOR

MANAGEMENT BY OtBJECT1VE OR

RESULT (MBO/MBR)

TR.AJNING

MEASUREMENT -- DATA SYSTEMS

JOB ENRICHMDIT

COMMUNICATIONS

COMPENSATION

INCENTIVES

HOW WELL EACH WORKS DEPENDS ON

HOW CLO6_LY IT MEETS THE BEHAVIOR

MODEL

MBOIMBR

• E_tabiishes mission

• Establishes 0t_jecU_s

• E.stabllshes meestalmlonts

• _r_ddes op_:,lunity k_' r_ular

fNdback/sccountablllty

• Designed for every level of management

rIF.!qFORMANO!

r .............

_rIllCEDEN'rS _ IILrNAV_OR OU_COUlS_I CONSEOUf_NC_S

; r_uc_rves a oo ._ ,w,,,, _. eJcnr_o

--- I_lorumR ----

TRAINING

• Tsaches Job Skills

• Tesches Management Skills

• Provides Opporlunity for Creative Thought

• Concentrates T_rne and Focus on limited

_JbjeCt(s)

• Creates Awarsnees

• Craates Unde_tindlng

• Creates Ownemhtp

g,et Fosn_c|

i ............... 1A_TECEDENTS eeHAvlom OUTCOUeS , CO_SEOUENCES

D

TRAINING

I * Can Do

I • Wli Do

• Can_ Oo

• Will Do

"- '- I • ¢;In'tI[_"

I--
Doesn't Do I • W_'t Do

TRAINING

! .CanOe • C._n'1 _

• W'_ Do .wmDo

ttJ_ORrPt OF NEED

• Cen't Be

• W_ Do

• Dmmn't Do

JOB ENRICHMENT

MIGHT INCLUDE:

• Rs_esi_ toO= to meet _O_n/aatk_'s =r_ employee't
need:

• (_I_ ml_llg_f'nlnt 5._/_l 1o hl_l _ fli,J_e¢l for

tmp_(_qlml imd that co_mb_ticns (QUllll_y 04 W_k LJJO)

• P_ci_illve mani_m_m_t (_l_r/Circles, Tilt= FOOt,IS)

• P4xt m_e

ANT_CEDI_4T_ I BEHAVIOR OUTCOMES _, ¢ON!IJEQUENCES

• ¢

I

MEASUREMENT --
DATA SYSTEMS

• ISee_mm Iqm'_mmm I_ ONmswe

• _ l_m Oete l_m Am_Ity Re_Is m' _

_0 _

COMMUNICATIONS COMPENSATION

._r_
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COMPENSATION

BASE COMPENSATION

Salary and -- Terms ol Employment

Fdnges

Perquisites -- Car, Country Club,

Employee Cafeteria --

additional terms of

employment

Merit Increases -- Annual

and C.0.L.A. Often con/used

Amount Oefined

by Policy

Distribution system of

_llcresses

Competitive p•rlty and
mtentio_

Possib4s dissatisfaction

Questionable Link to

Performance

COMPENSATION

Changing Base and Added Compensetlon

• Tend to become perpetual

* Difficult to use as ,* tool to
change individual behavior for
performance improvement

.M_CmuL_Ct I' TNrf , _ *0NO

COMPENSATION
+ INCENTIVES

/" "y _ \

COMP|I411ATION_ COMMENIATION_I

COMPENSATION COM Pl: N,_A_'ION INC EN'71VI_S

• sa_m

• Fdn_**

• Pmq_s_tN

• Mere miss

• l=_rofll.Shlnng • Cash

• llmv_ -- Wllel

• AoYinclmm_ -- Gil/m.

,m,,a_,

• Nloe-¢m_

-- Glln.

_I_i G*,wl.lly Nm IndNSev_

INCENTIVES

I a_Av_,* ¢_¢:o*m ! ¢omm.,e_s

INCENTIVES

• Cash

• Noo.calh

* Social

, Honor & Recognition

• Merchandise

• Trawl

INCENTIVES

CASH

W_q_ _ -- Fmq_em

-- Genm.al_y

-- l_secl o. _ormar_*

-- Hql_ c_lnm of humm comk_'y
-- Onen _ m*ry. ¢m_tc_

ImPs esta_he4

-- Sln_ fm._uta. S,V_* k_us. M_ed
-- Work n'_esw_ment

Gein F,h_*n_ -- Fmm_*m

-- Pm'_, of Ila_ngl g4ne_te4 by
gn_J_ _ormar_ Vn_'mmment
ohered w_th empl_eel

-- Pelt of livings _tarnQd by

-- _ cs_ee of humln
©ant_

-- S_19_* lo,'rm,l_.._ focus, based

INCENTIVES

kON-rvJ)._H

t_mmm_ Immmw_m mwml wm_

-- _ c_ *_dn_ Slenmm4 tin* _
wsmm o_mt_n, trams.

-- ne_ _ m m_nsa _

-- Mum.l_mul_ Mvm.Mm_ _

OeJ,,omm _ mmm

-- _ _ mlnlmmm_m
mlumce k_me i_d WlwMo NIl.
Ntmlm

-- Nm _mt_m_ _ fixed m MMml

INCENTIVES

CASH AND NON-CASH
CONSIDERATIONS

1. CNh ancl Ncm-c:ah minfa_em _ pmltlm

amd ch*nge boh_*_

NcepU_*

3. Fmmal_xm_n of C_h I,_mtlme beoomee

contend wflh uWy, tmcls to bec:ame

* Cash-- mmem_-- m meclum-- ,.,I,q
* Non*c_m -- not Is xmdthm
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PERFORMANCE

IMPROVEMENT

MANAGEMENT SYSTEM

Comp_hensive, data based system using

posttbre miniorcement to improve human

performance

-- Management directed objective and goal

setting

-- Measurement systemslevaluat.-Io_., crttadz

Pinpointing of =peel|it actions leading to

desired outcomes

-- Traimng in mlma_ skills

-- Two.way communications

-- Incentives bayed on dedon_ance

Self-funding system wffil phmned ROI

PIMS PROCESS

• Select primary objective and
cascade down

• Create groups (teams)

• Develop measurements by
objective by group

• Review and confirm

• Develop or refine data collection
and feedback system

PIMS PROCESS

• D_,._!_n flnnrtt_i=l r=tlnrt:=l=

• Design reinforcement system

• Decision training/orientation
needs

• Design communication system

s Develop ROI system

PIMS OPERATION

• Msnagomlnt R" T.dntn9

• Consultative System launch

• Psrtlcipant inUoducflon

• Team messuroment training

"What can we do to imp_t pedormance

on this ob_-'t|ve"

• Oats collection and teedhack

• Reintomement _lsed on pedormance

• Team rmvtows

• Management review with Plan of Action

• Communications and promoiioql

• Special focus actl_dties

• Refinement

PIMS BENEFITS

• Long-term system that produce
short-term results

• Self-funding

• High degree of adaptability to
market or organization changes

• Minimum Impowerment threat

• Consultative employee
involvement

• Allows special focus

• Improves effectiveness ot
existing management system

• Taps the behavioral model for
management
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QUALITY CIRCLES IN A MULTI-CONTRACTOR,
MULTI-WORK SITE ENVIRONMENT

T. Richard Fort
Mission Success Coordinator

Systems Refinement Teams
Martin Marietta Aerospace

Kennedy Space Center

INTRODUCTION

Every organized human endeavor gener-
ates two fundamental and opposing re-
quirements: the division of labor into
a variety of individual tasks and the
coordination of these tasks to accom-
plish the overall endeavor. Quite
simply, an organization's structure
can be defined as the sum total of the
ways in which it divides its labor in-
to distinct tasks and then achieves
coordination among them. Division of
labor is largely dictated by the job
to be done and the technical system
available to do it, I However, coordi-
nation seems to be more complicated in
that it involves various mechanisms,
Some coordination is achieved through
direct supervision and through stan-
dardization of worker skills, work
processes and work outputs. However,
these coordinating mechanisms are
usually not sufficient for an organi-
zation to achieve all of the coordina-

tion it requires. After the individu-
al positions have been designed, the
superstructure built and the planning
and control systems established, im-
portant interdepencies remain. The
organization must then complete its
coordination through the mechanism of
mutual adjustment. _

Until recently, mutual adjustment
was largely a random, informal process
that spawned an infrastructure growing
up around the formal organizational
structures. Two people may decide to
hold a five minute meeting in the hall

or several people may be called to-
gether to respond to an unplanned
event, "Stamping out fires" is a well
used phrase that describes the crisis
management which results when mutual
adjustment is left to chance, Recent-
ly, organizations have implemented
various devices which encourage liaison
contacts between people and are incor-
porated into the formal structure.
According to one author, "... these
liaison devices represent the most
significant contemporary development in
organization design, indeed the only
serious one since the establishment of
planning and control systems... ''3

This is a conceptual paper which
explores the use of quality circles
(QCs) as organizational liaison de-
vices. As such, QCs and QC-like struc-
tures are viewed not only as improving
employee motivation and productivity,
but also as lateral linkages between
and within organizations purposefully
structured to achieve mutual adjust-
ment.

This paper outlines organizational
structures which can be implemented at
the National Aeronautic and Space
Administration's Kennedy Space Center.
Quality circles are in their embryonic
stage at KSC. Interest has recently
been generated by the NASA and several
contractors. Only one organization,
Martin Marietta, has implemented a QC
program. Three variations of the typi-
cal quality circle will be explored.
Actual examples will be given when
possible, however, it should be noted
that most of these structures have not
yet been implemented at KSC.

THE ENVIRONMENT

Organizational - There are
approximately 9000 employees in 40 con-
tractor organizations at KSC responsi-
ble for base operations, space shuttle
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processing and cargo operations. 4 The

NASA employs about 2000 people and has

four major departments (Shuttle

Management and Operations, Cargo

Management and Operations, Engineering

Development, Center Support Opera-

tions) which administrate and coordi-

nate the contractor organizations.

There are a variety of organiza-

tional perspectives one can take when

analyzing Kennedy Space Center. The

broadest perspective views KSC as one

superstructure composed of the NASA
and its contractors while the narrow-

est perspective focuses on a particu-
lar sub-unit within one organization.

One must adjust and re-adjust the

organizational focus when exploring

QCs and QC-like structures at KSC.

This paper begins with a narrow per-

spective by addressing typical QCs,

then expands in scope with each varia-

tion on the QC concept.

Systemic - Obviously, KSC does

not operate in a vacuum. Each prime

contractor is corporately connected

with intracompany organizations. For

example, Martin Marietta Corporation

(MMC)/KSC currently reports to

MMC/Michoud (New Orleans, LA), Rock-

well International Corporation

(RIC)/KSC reports to RIC/Downey, CA,

and United Space Boosters Incorpora-

tion (USBI)/KSC reports to

USBI/Marshall Space Flight Center

(Huntsville, AL). In addition,

NASA/KSC is impacted by NASA/Johnson

Space Center, NASA/Marshall Space

Flight Center, NASA Headquarters, the

U.S. Congress and the U.S. Executive
Branch. Although many closed systems

exist within KSC, the individual

organizations represent components of

larger systems external to KSC.

Geographical - Kennedy Space
Center sits on 84,000 acres of land in
central eastern Florida. Launch

Complex-39 (LC-39), a part of KSC,

includes many work sites necessary for

shuttle processing. Each work site has

employees from the NASA and at least

one prime contractor. These work sites
include:

Vehicle Assembly Building (VAB). Low

bays: USBI; high bays: MMC, RIC,
USBI

Orbiter Processing

Hangars: RIC

Facility (OPF).

Pad A. Liquid Oxygen system (LOX):

MMC; Liquid Hydrogen system (LH2):
MMC

Pad A Terminal Control Room (PTCR):

MMC

Operations and Checkout Building (O&C):

MMC, RIC, USBI

Shuttle Landing Facility (SLF): RIC

Launch Control Center (LCC): MMC, RIC,

USBI

Parachute Refurbishment Facility (PRF):

MMC, USBI

There are a number of other work

sites at KSC which are involved with

base operations and cargo operations.

These multiple work sites lead to

logistical problems when implementing

the QC process that are inherent in

such a large processing facility that

are usually not present in a manufac-

turing plant. When teams are composed

of members from different work sites,

meetings are difficult to schedule and

attendance may be sporadic. Action

items generated by team meetings are

more difficult to complete. Coordina-
tion within teams as well as between

teams and management is not a simple

task.
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When combining the number of work
sites with the number of organizations
ast KSC, the implementation and mainte-
nance of the QC process becomes quite
complex. A strong, coordinated effort

by all organizations is required. In

addition, the use of QC-like variations

will go a long way to strengthening the

process and eliciting commitment from

the involved organizations.

VARIATIONS

Typical Quality Circle - The typi-
cal QC is composed of 5-12 employees
and their supervisor with the same work
area interests who voluntarily form a
team, receive training in participative
problem-solving techniques and meet for
one hour each week to identify
work-related problems, analyze those
problems, recommend solutions to
management and monitor the effective-
ness of their solutions. Thompson5
noted that the QC process is political
in that employees participate directly
in decisions to implement new and bet-
ter ideas. Circle members gain control
over one hour each week, a meeting room
of their own, the right to select the

problems they will analyze and solve,
and access to the relevant decision-

makers of the organization. While
decision-makers do not abdicate their

authority, they do invite employees to

participate in decisions on issues

about which they have knowledge and
interest,

Psychologically, the QC process is
also motivational. When employees are
allowed to participate in decision-
making they will feel like causal
agents in the tasks in which they en-
gage. At the heart of employee motiva-
tion is a feeling of personal causa-
tion, free choice and con_nitment.ln
addition to participation in decision-
making, the QC process elicits employee
motivation through communication of

organizational goals, performance
feedback and technical information and

through recognition of team accom-
plishments via management presenta-
tions and award programs.

Organizationally, the QC serves
as a liaison device between employees
and management which not only fosters
mutual adjustment vertically but also
within the QC, itself. With maturity,
the circle members begin to gel as a
problem-solving team in which an open
atmosphere of cooperation, trust and
healthy interpersonal relationships is
created.

The literature is replete with
case studies of effective QCs. At
KSC, each contractor organization as
well as the NASA have a great many
areas which are naturally conducive to
the formation of typical QCs. One
example of a QC that has been formed
at KSC is in the MMC shop in the Vehi-
cle Assembly Building. This team is
structurally in the Shuttle Operations
Department and is composed of the shop
supervisor and his technicians.

Interdepartmental Teams - Classi-
fication of KSC as an organization
identifies it as a processing facility
as opposed to, say, a manufacturing
plant or production facility. In a
production facility, typical QCs are
organized by departments based on work
areas within those departments. How-
ever, since KSC is a processing faci-
lity, work sites are not necessarily
contained within a s ngle department.
Many work sites are supported by

several departments and interdepart-

mental teams are logically formed in
such cases.

For example, MMC is responsible
for the Liquid Oxygen (LOX) system,
one of the propellants loaded into the
space shuttle's external tank. The
LOX system is not operated by one
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department at F%MC.Rather, employees
from Safety, Quality, Operations,
Engineering and Logistics work toge-
ther on the system. An interdepart-
mental team is preferred in this case.

Interdepartmental teams and typi-
cal QCs have a few differences. One
obvious differences is structural in
that typical QCsare organized within
one department while interdepartmental
teams are organized between two or
more departments. As liaison devices,
interdepartmental teams by nature pro-
vide broader mutual adjustment within
their organization. Selection of
leaders for interdepart-mental teams
is more difficult than for typical QCs
since two or more supervisors maywork
at the same site. The team leader
should be selected on the basis of
leadership style, the degree of re-
spect granted him by employees of the
involved departments, and the amount
of desire to participate in the QC
process. Other supervisors from the
work site can participate as team mem-
bers and, over time, may be rotated
into the team leader position.

Functionally, interdepartmental
teams and typical QCsare more similar
than different. Voluntarism is the

same: no employee at the work site can

be forced to join the team nor can

anyone be disallowed if they choose to

participate. The approximate number

of team members is the same; QC train-

ing is the same; team operations are
the same.

In some cases, interdepartmental
teams make more sense based on the

geographical distance between work

sites. Team meetings should be held

as close to one hour as possible.

Travel to and from meetings can take
as much as an additional half hour

(e.g., between Pad 39A and the VAB)

thus creating an undesirable situa-

tion. Since interdepartmental teams

are formed at a particular work site,

the only travel necessary is to and

from the team meeting room located at
the work site.

Typical QCs and interdepartmental

teams will predominate within each con-

tractor organization and within the

NASA as well. Logic will dictate which

kind of team should be formed in any

particular work area. The important

point is that teams in a processing

facility should be structured according

to the way in which the work is done.

If several departments work together to

accomplish the jobs at the particular

work site, then interdepartmental teams

are indicated. Typical QCs can be

formed in areas where employees from a

single department work closely

together.

Integrated Teams - An integrated
team is _ightly larger than an inter-

departmental team. It is composed of

8-20 people from two or more organiza-

tions who meet to identify and solve

organizational interface problems.

Proposed solutions are presented to

their collective management. Primari-

ly, integrated teams are composed of

middle managers but may also include

employees at the bottom level of the

organization. Although integrated

teams are not typical QCs, many
similarities remain. Team members meet

for one hour per week, receive training

in QC problem-solving techniques, make

management presentations and monitor

the effectiveness of their approved
solutions.

However, integrated teams differ

from typical QCs in two primary ways.
Structurally, these teams have members

from two or more organizations. As an

integrated team matures as a team,
cooperation and trust are disseminated

beyond one-hour, weekly meetings and

begin to affect the involved organiza-
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tions. When left to chance, mutual
adjustment takes its own random

course. As liaison devices, integrat-
ed teams offer an opportunity for pur-
poseful mutual adjustment between
organizations.

At KSC, the NASA and the contrac-
tors work together to achieve success-
ful launches of the Space Transporta-
tion System. The opportunity exists
for many integrated teams. At the
middle management levels, nearly
everyone has a counterpart in the
nth_r organizations An _Y_mnlm nf
one proposed team is an Integrated
Quality Inspection Team. This team
would be composed of two MMC employees
(quality inspector chief, quality
inspector), two RIC employees (quality
inspector manager, quality inspector),
two USBI employees (quality inspector
manager, quality inspector) and three
NASA employees (two quality supervi-
sors, one quality inspector). Other
people from these organizations may be
added as necessary. At present, deci-
sions in the quality inspection world
are made unilaterally by the NASA. By
involving all affected parties, there
is an increase in commitment to the

decision, quality of the decision and
ease of implementation of the deci-
sion.

The second difference between in-
tegrated teams and typical QCs is
voluntarism. 5 Among middle managers,
most anyone can join if they wish and
no one can be forced to participate.
However, employees representing the
bottom level cannot join at will.
Generally, they are invited to join by
the middle managers who form the ini-
tial core of the team. These employ-
ees can also decline if they wish.

An example of an integrated team
that has been quite successful is the
Integrated Weld Quality Improvement
Team at the NASA's Michoud Assembly

Facility in New Orleans, LA.6 This
team is composed of 10 Martin Marietta
employees (welder, planner, quality
control planner, weld development
engineer, welding engineer, training
instructor, tooling engineer, welding
foreman, quality labs chief, quality
control _anager), two NASA employees
(qua! ity, rel iabil ity and assurance
_lanager, quality weld engineer [team
!eader]) and three employees from the
Defense Contract Administration Ser-

vices (two quality control inspectors,
quality engineer). One of the problems
this team identified waswithin the
welder certification system. The sys-
tem did not allow adequate evaluation
of applicants's skills, inhibited skill
development and delayed certification.
In addition, the recertification system
had little content validity and was
costly. The team comp!etely revised
the welder cert i fi cation/recert i-
fication system: a central control
utilizing a _+_ion _.......... _,,,cer has
been incorporated; applicant evaluation
is accomplished in shorter time; weld-
ers are certified on specific tools;
certifcation is now based on perfor-
mance on production welds; the recerti-
fication system is totally oriented to
the quality of the welder's perfor-
mance. These proposed solutions were
presented to the team's collective
management and all were approved and
implemented.

Consider what would have happened
if this integrated team had not been
formed and one individual had attempt-
ed to tackle this system. First, it is
somewhat doubtful that one person would
have generated all of the problems or
solutions identified since groups tend
to produce better solutions than indi-
viduals working alone. Second, had
this person come up with these solu-
tions, he would then have the onerous
task of selling his ideas to all the
necessary decision makers in his
organization. Third, if his ideas were
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accepted by his own organization, he

would still have two more organiza-

tions to convince that his ideas were

worthy. The likelihood is that his

ideas would have died on the organiza-
tional vine.

Joint Teams - A joint team is

simply two typical QCs from two

organizations who come together to

analyze and resolve organizational

interface problems, propose solutions

to their collective management and
monitor the effectiveness of their

solutions. Conceptually, joint teams

make sense between prime contractors

and sub-contractors, between

organizations within the same

corporation but at different

locations, and between government

agencies.

As mentioned earlier, at KSC each

prime contractor operates in a

corporate system. The opportuni
exists for the formation of joint tema

within each corporation but between

locations. For example, one possible

joint team could be composed of the

MMC/KSC Mechanical Engineering Team and

the MMC/Michoud Design Engineering
Team. This joint team could come

together on an "as needed basis," i.e.,

when engineering interface problems are

identified. The other prime

contractors also have the opportunity

to form such teams. The NASA/KSC may
form joint teams with the NASA/JSC or

with other NASA centers. Again, as

liaison devices, joint teams offer yet

another method for achieving purposeful
mutual adjustment.

One example of a joint team is

the Michoud-AVCO Intertank Assembly

Joint Team. This team was composed of

seven members from MMC/Michoud (New

Orleans, LA) and 11 members from AVCO

(Nashville, TN), one of MMC's exteral

tank suppliers. Meetings were held

through the teleconferencing phone

system. In this case, the F_C team

identified three problems: damage to

the thrust panel interface flanges

during shipment; epoxy paint peeling

from panels and fasteners during

removal of the protective coating;

difficulty of removing protective
coating from rivet heads. These

problems were communicated to the AVCO

team who then developed solutions.

These solutions included protecting

the corners of the thrust panels in

shipping; various precautions to

ensure a clean surface prior to epoxy

paint application; laying strips of
protective coating over rivet heads

prior to spraying. This joint team
was formed to deal with these

problems, then disbanded as a joint

team. However, each individual QC
remained intact.

Summary - There is little reason
why quality circles cannot be adapted

to the processing environment at KSC.

Multiple contractors and multiple work

sites call for more advanced QC-like

structures, such as interdepartmenta

and integrated teams. Of course,

will also be ample opportunity for the

formation of typical QCs within indi-
vidual organizations.

To the extent that the prime con-
tractors and the NASA continue to show

interest, implementation of the QC pro-

cess can be more easily accomplished

through a concerted, coordinated effort

among all organizations. The work pro-

cesses at KSC are constant and compli-
cated. RIC has two orbiters in flow

and will soon have two more; MMC cur-

rently has four external tanks in flow;
USBI refurbishes several solid rocket

boosters simultaneously; there are two

mobile launch platforms in use; Pad B

is currently under construction. As

the shuttle launch rate increases, so

will the amount and complexity of the

work. Implementation of the QC process
must be flexible enough to accommodate
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the increasing complexity of the work
at KSC. QC orientations and leader
training can be conducted conjointly so
that people from the various organiza-
tions can attend when time allows. In
addition, top managementmust be com-
mitted enough to allow time for the QC
process.

Today, the NASAis not in danger
of competition for the commercial
launch business. But in a very short
tomorrow, that competition will grow
and will come from many corners: the
French Ariane program, the Russians,
the Japanese, and American private
enterprise. Presently, everyone is
concerned with reducing shuttle turn-
around time as well as cost per
flight. The QCprocess allows for new
and better ways of accomplishing the
multitude of tasks carried out at KSC
and can provide a very necessary
competitive edge.
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INTRODUCTION

Improvements in productivity in the Defense industry directly benefit the

taxpayer by lowering the costs for producing quality products, Which are

essential to our national defense. Since we are all taxpayers we are also, in

a sense, working on the same team -- Government and Contractor -- with a

common goal to promote productivity improvement as a philosophy of operation

in the Aerospace industry. The objectives of this discussion are to define

initiatives and policies related to productivity improvement which affect the

Air Force and toexplore ways in which the Government can help the contractor

improve productivity, maintain quality in production and minimize costs. The

Air Force has the obligation to assure that the Statement of Need (SON) for a

weapons system is met at the lowest possible overall cost to the Government.

Productivity has become one of our critical national issues. In a report to

Congress made by the Defense Industrial Base Panel of the Committee of Armed
Services, House of Representatives, in December, 1980 this statement appears:

"While the United States leads the world in productivity, the United

States is dead last in productivity improvements among all
industrialized nations of the world."

We all should be concerned about the adverse impact of this situation on our

defense industrial base and our national security and each of us has the

()pportunity in some measure to influence a reversal of this trend.

INITIATIVES AND POLICIES GUIDING PRODUCTIVITY IMPROVEMENT

Let's look at some of the action programs to enhance productivity that have

been initiated by the Department of Defense and are being developed and

implemented throughout the military services. The first of these is the

Acquisition Improvement Program Action 5. The final report of the DOD

Acquisition Improvement Ask Force, December 23, 1981, addresses 32 actions

that make up the DOD Acquisition Improvement Program and includes specific
recommendations to achieve implementation of these actions. One of the main

thrusts of the program is Action 5 to improve productivity on individual

contracts by encouraging capital investment. This involves eight different
subactions or initiatives which include depreciation legislation, return on

investment, progress payments, profit policy, economic price adjustment,

patents and data rights, manufacturing technology, and excess profits
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legislation. The second action program addresses industrial preparedness and
emerged from a DODtask force formed May 20, 1981, by the Under Secretary of
Defense for Research and Engineering, Dr. Richard D. DeLauer. This task force
developed the Industrial Resp_)nsivenessImprovement Program and recommended12
actions. Sevenof these actions aim to integrate industrial base and
responsiveness issues into the defense acquisition process. These provide
guidance on improving productivity in defense contracting; major systems
acquisitions and procedures; defense production management;selection of
contractual sources for major systems; defense acquisition regulations; and
manufacturing technology. An eighth action was added later by Dr. DeLauer
when he established a tri-service committee to prepare a proposed unified DOD
policy on "technology modernization." On April 21, 1982, the committee
submitted a draft DOD instruction for a DOD productivity enhancement program.
Dr. Andrew P. Mosier who is a professor of Acquisition/Program Management at
the Defense Systems Management College (DSMC) has an excellent discussion of
these action programs in a special issue of "Concepts" published in the summer
of 1982. It is not the intent here to go into detail on each of the
initiatives and actions of these programs. Rather, this discussion is for
reference only and to illustrate two things : first, the relative "recency" of
addressing the concept of productivity improvements and secondly, the
intensity with which this subject is being pursued throughout the military
services. A third subject area which we can discuss is more detaiT was
initiated by the Air Force in the 1970s. Manufacturing Technology (MANTECH)
and Technology Modernization (TECHMOD) is a melding of two Air Force
productivity enhancing approaches. MANTECH is the development of new
manufacturing technology at the Wright Aeronautical Laboratory/Materials
Laboratory Manufacturing Technology Division (AFWAL/MLT) and TECHMOD,
developed by the Air Force Systems Command's Aeronautical Systems Division
(ASD), is a partnership approach between a contractor and the Air Force which
provides the capital investment structure and expertise to bring new and
existing technologies into being at the contractor's production facility.
The term "Tech Mod" was first used to describe the approach to productivity
enhancement developed for the F-16 Program. In the mid 70s, the F-16
contractor, General Dynamics, developed a strategy for technology and facility
improvement. The plan was presented to and accepted by the Air Force in 1977.
It established a framework for a cooperative Air Force - contractor venture to
systematically enhance productivity and reduce acquisition costs. As the
concept evolved, investments and incentives were defined and mutual risk
benefit sharing goals were established. In 1979, ASD developed the regulatory
guidance (ASDR 800-4) to implement MANTECH on all of its major systems which
brought the MANTECH and TECHMOD concepts together. The Tech Mod approach is
integrated into the Industrial Responsiveness Improvement Program (IRIP)
through funding. It is a three phase effort. Phase I is a "top down factory
analysis" which evaluates the needs of the overall facility and identifies
candidate manufacturing technologies modernization opportunities. Phase I
results in a negotiated "business deal" between the Air Force and the
Contractor and establishes ground rules for Phases II and I!I. Considerations
include incentives, benefit sharing arrangements, mutual investments, and

return on investment. Phase II is the development of enabling technologies
and design and fabrication of the factory modernization enhancements. Phase

II also identifies implementation plans, specifies hardware/software
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operational requirements and validates specific applications through method
demonstrations. Phase Ill is implementation of the Tech Mod, including
contractor purchase and installation of capital equipment to inplement those
Phase II candidates. The primary objective of Tech Mod is to improve the
overall health of the industr'ial base through implementation of manufacturing
technology and increased capital investment. There are two sources of funds
to support Tech Mods. Oneis the Industrial Preparedness Program Element
dollars labeled "Industrial Productivity and Responsiveness" and the other is
the System Program Office (SPO)dollars. Tech Mods, like other investment
opportunities, must compete for available funding.

IMPLEMENTATIONOFPRODUCTIVITYIMPROVEMENTINITIATIVES ANDPOLICIES

Howare these initiative and policies implemented and productivity measured?
Implementation of these strategies calls for a departure from somelong held
Governmentpractices toward contracting methods which are more in tune with
long range business goals. This is the concept of contracting for
productivity which uses both the traditional and innovative contracting
techniques. Included in the concept are multi-year contracting for major
weapons systems, capital investment incentives, award fees and special
indemnification provisions. These are contractor motivational incentives and
we are now looking specifically at the Technology Modernization approach. The
Tech Modprograms are aimed at counteracting several existingDOD contracting
processes which depress the level of aerospace industry investment such as:
annual buys that increase uncertainty and therefore financial risks; the
tendancy of the Governmentto negotiate away savings that result from
productivity investments of follow-on contract buys; contract awards based on
criteria which do not recognize past investments; and lack of price
competition which dulls contractor sensitivity to cost reduction. Capital
investment incentives are written into the contract in the form of increased
percentage of profit for capital investments, complementary investment and
shared savings. Award fees are based on the contractors performance according
to criteria contained in the contract which also establishes the amount of the
incentive award fee. The contractor is evaluated against this criteria such
as the development of a comprehensivemodernization plan; ingenuity in the
utilization of total resources; commitmentof corporate resources (both
manpowerand capital) to the plan, and implementation of the modernization
effort in a timely manner. There are also special indemnification provisions
which provide liability protection in the event the contract is terminated.
This transfers to the Governmentsomeof the risk associated with the
acquisition costs on a pre-determined schedule should the contract be
terminated.

What are someof the tools used in productivity measurement? Shownhere are
three of the tools most often discussed with the contractor. First, Military
Standard 1567, Work Measurement,which provides performance reporting, problem
identification and cost control using labor time standards. Labor time
standards are developed by industrial engineers to define the time required by
a qualified worker to perform a specified amount of work, working at a normal
pace under capable supervision. The techniques used to develop these
standards are methods-time measurement,engineered timestudy and work
sampling. The objectives of this system are: to determine the proper cost of
doing business; provide meansof reducing costs; measureperformance against
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proper cost and determine areas for improvement; and to provide appropriate
allocation (capital and time management)systematically and to the area of
highest return. A second tool used in productivity measurementis the
Cost/Schedule Control System Criteria (C/SCSC). The objectives of this system
are to provide data which indicates work progress; properly relates costs
schedule and technical performance; and is valid, timely and auditable. The
system also aims to assure that contractors use effective managementcontrol
systems. By analyzing schedule status, budgets, actual costs and technical
performance, variances - their causes and impacts, problems can be identified
and corrective action taken. A third productivity measurementtool is the
Contract ManagementSystems Evaluation Program (CMSEP). This program is a
meansof assessing the effectiveness of the contractor in using the management
controls and systems required by the contract. It is an AFPROmanagement
technique directed toward the prevention of program problems through the early
detection of managementsystem defeciencies. The contractor is not
contractually required to participate but is encouraged to do so since CMSEP
addresses manyof the subjects and requirements of special reviews of the
contractor's performance which are dictated by regulatory guidance. Again, it
is not the purpose here to define these tools in detail but only to propose
these as subject for discussion during the workshop session.

ORGANIZATIONLEVELANDAFPROORGANIZATION

Mentioned earlier is the fact that we all have the opportunity to influence
the reversal of the downward trend of our nation's productivity improvements.

The following organizational charts show the relationship of the Air Force

Plant Representatives Office to the Air Force Systems Command. The

Manufacturing Support Branch performs five essential functions on several

major weapons systems programs and as you can see there is abundant

opportunity to assist the contractor enhance productivity.
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SUMMARY OF ISSUES

AND RECOMMENDATIONS



PRODUCT IV ITY

3 U_L_ RY OF

ISSUES AND RECOHHENDATIONS

I. Quality Circles and Hotivation

_8eue

Lack of team approach for fostering produc-

tivity improvements for Aerospace (NASA, DuD,

contractors, subcontractors).

Recommendations

A Joint NASA, DuD, and contractors team be

established to develop and recommend general guide-

lines for productivity !mprove_nt programs and

initiate, develop, and exchange information. The

necessary subgroups should be formed to support

this effort, for example, a panel on quality cir-
cles which wlll:

a) Meet perlodically

b) Produce, distribute, and update a direc-

tory of quality circle coordinators and

facilitators in Aerospace (NASA. DuD,

contractors, subcontractors, and sup-

pliers) to Include brief program

descriptions

c) Sponsor a subconference on quality circles

in Aerospace at the IAqC annual conference

d) Disseminate information (conference

papers, bibliographies, etc.)

Suggested OPR

Office of Productivity - NASA and DuD

2. Quality Circles end Motivation

_88ue

Productivity improvement has not been properly

focused within the Aerospace industry.

Recommendatlons

AIA institutionalize a formel subpanel on

productivity improvement.

Suggested OPR

Mission Assurance Conference - AIA

3. Quality Circles and Motivation

Issue

Lack of incentives on some contracts to

develop motivational/productivity programs.

Recommendations

Develop a contract device that provides for

allowable costs on productivity/motivation programs

and encourages the development of these programs.

Suggested OPR

DuD and NASA

4. Quality Circles and Hotlvatloo

Issue

NASA has a manned flight awareness program.

DoD has no equivalent activities.

Recommendations

Air Force should allocate resources for:

a) Manned Flight Awareness

b) Unmanned Programs

Su_aested OPR

DoD

5. Quality Circles and _ottvatldn

Issue

Group achievement recognition by NASA/DuD for

quality circle type team efforts.

Re commendat ions

NASA should continue and Air Force should

implement a system to identify and recognise the
superior quality circle teams* efforts in Govern-

ment and industry and provide appropriate rewards

for their efforts (e.g., launch honoree award and

group achtevesent award).

a) Separate launch identified for the program

b) Teams selected from government and

industry

c) Programs for unmenned activities

Suggested OPR

NASA and DuD

6. Quality Circles and Motivation

Issue

NASA, DuD and industry have recently begun to

emphasize the value of the quality circle concept

as an effective element of productivity improvement
through employee involvement.

Recommenda t ions

The Mission Assurance Conference endorses the

quality circle concept and the efforts of industry,

NASA, and DuD to Increase awareness of the concept.
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7.

Suggested OPR

Mission Assurance Conference

Quality Improvement and Productivity
Enhancement

emphasis at top levels of management and the

recognition of the emphasis at the lower levels of

management will prevail throughout the contract

and/or program period.

Recommendations

Issue

At present there is no assurance that Quality

Improvement, Productivity Enhancement and Manu-

facturing (Producibllity) subjects are properly

included in RFPs. This can ultimately have a

negative impact on overall program coats when the

subjects are not included early in the acquisition

process. With the AFSC encouragement for the use

of draft RFPs to obtain industry comments, it would

be beneficial to have either the Government provide

Quality/Productivity/Manufacturing (Productbility)

subjects included in the draft RFP for industry

comments. If this does not occur, industry should

take the responsibility for recommending the inclu-

sion of these subjects in the RFP.

Recommendations

Government and Industry should, as a matter of

policy, assure that quality productivity and manu-

facturing (producibility) requirements are in draft

RFPs for all acquisition phases.

Quality/productlvity must be reviewed at all

levels of management during contract/program period

(Government/Industry).

Su_ested OPR

NASAIA FSC/SD/NS IA/A IA

10. Quality Improvement and Productivity

Enhancement

18sue

At present there is no indication the Govern-

ment or industry program managers have any real

training in the appreciation and benefits of pro-

ductivity and quality matters as an integral part

of a program. Also there is no assurance that

program managers will seriously consider the need

for improving quality and productivity in their

program(s) unless their program is measured against

these factors as well as the other important fac-

tors of their performance.

Suggested OPR

AFSC/SD/NSIA/AIA

8. Quality Improvement and Productivity
Enhancement

Issue

As part of the Defense Acquisition Improvement

Program, HQ AFSC has established a policy for rank-

ing quality and productivity at the same level as

technical and management in the source selection

process. At present, implementation procedures and

regulations have not been established throughout

the AFSC organization to implement the above

policy. This situation can result in lack of con-

sideration of quality and productivity In source

selection process for programs at various acqui-
sition phases.

Recommendations

Government should change implemanting proce-

dures and/or regulations to assure compliance with

quallty/productivity/producibillty at the same

level as technical and management in source
selection.

Suggested OPR

AFSC/SD

Recommendations

Training and performance maasuremaut of pro-

gram managers should include productivity and

quality factors.

Su6gested OPR

NASA/AFSC/SD/NSIA/AIA

It. Quality Improvement and Productivity

Enhancement

Issue

Both DoD and NASA have similar specifications

and standard regulations which are applied to var-

ious programs. Often a contractor will have to

comply with two different requirements on the same

product line when providing products for NASA and

DoD. Also, the interpretation of the compliance of

contractors with their various regulation documents

often varies when reviewed by different Government

organizations. This creates confusion and often

unnecessary duplicative actions by a contractor are

made to satisfy the different Government reviewing

agencies. Further, companies having multldlvislons

will often operate differently regarding various

requirements documents levied on subcontractors.

Again, the interpretations of compliance with

requirements made by various divisions of the same

company can cause problems with subcontractors.

9. Quality Improvement and Productivity
Enhancement

Issue

To emphasize the importance of Quality and

Productivity in the Air Force and NASA it seems

appropriate to include these subjects as standard

subjects for review at all management levels in

both Government and industry. In this way the

The conditions are unproductive and t/_e-

wasting on the part of both Government and

subcontractors. This situation exists in many

places and does not help assure proper _tsston
performance.
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Recommendations

Need for standardization of DoD/NASA require-

ments and interpretation thereof to eliminate

duplication and improve productivity (multidivision

corporations should do likewise).

Suggested OPR

NASA/AFSC/SD/NSIA/AIA
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Chairmen:

Dr. Kevin Forsberg
Program Manager, Space Station Program, LMSC

Richard Kline

Director of Shuttle Applications, Grumman Aerospace

WORKSHOP C

SPACE STATION

Coordinators:

Donald Stein

Grumman Aerospace

William James
LMSC

John Hodge

Director of Space Station Task Force, NASA

SESSION 1 -- OVERVIEW

Mission Assurance Philosophy

Integrated Requirements for a Space Station

Trade Studies

The Role of the Crew

John Hodge, Nasa Headquarters

Brian Pritchard, LARC

Charles Darwin, MSFC

Col. Jack Lousma, USAF/JSC

SESSION 2 -- QUALITY ASSURANCE, SAFETY, PLANETARY EXPERIENCE

Quality Assurance •

Crew Safety Requirements

Mission Assurance from a Ground

Processing Perspective

Payload Safety Policy and Requirements

Applicable Planetary Experience

T. J. Adams, JSC

Bob Witcofski, LARC

John Oertel, KSC

Paul Davis, NASA Headquarters

Bill Shipley, JPL

SESSION 3 -- RELIABILITY-MAINTAINABILITY

NASA Preliminary Approach to Space Station
Reliability-Maintainability

Mission Assurance Design for Maintainability

On-Orbit Maintenance/Servicing

Space Platforms

OTV

EVA Systems Maintainability

Joe Levine, JSC

Harry Wolbers, McDonnell Douglas

Tom Fisher, Lockheed

Bob Sharpies, TRW

Otto Steinbronn, General Dynamics

AI Brouillet, Hamilton Standard
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WORKSHOP C

SESSION 4 -- LESSONS LEARNED

Stan Marcus, Rockwell International

Dick Kline, Grumman Aerospace Corp.

S. Schrock, Martin Marietta

Lars Tedman, European Space Agency
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)
SPACE STATION

MISSION ASSURANCE

PHILOSOPHY

JOHN D. HODGE

MISSIOH o,-_-SURANCE CONFERENCE

JUNE 1983

MISSION ASSURANCEIS THE RESULTOF GOOD
MANAGEMENTOF A BROADSPECTRUMOF ACTIVITIES

OVERA LONGPERIODOF TIME
• PROGRAM PHASES

CONCEPTDEFINITION
DESIGNDEFINITION

MANUFACTURING/FABRICATION
TESTAND ANALYTICALVERIFICATION

OPERATIONS

• ACTIVITIES/DISCIPLINES

REOUIBEMENTSDEFINITIONISPECIFICATIONS
CONTRACTING/ACQUISITION

DETAILDESIGN
SAFETY

RELIABILITY
QUALITY ASSURANCE/CORRECTIVEACTION

MAINTAINASILITY
INVENTORYMANAGEMENT/LOGISTICS

CONFIGURATIONMANAGEMENT/CHANGECONTROL
TESTPLANNING/TESTOPERATIONS

$1ULATIO NSIANALYTICALVERIFICATION
GROUNDOPSPLANNING/GROUNDPROCESSING

MISSION PLANNING/FLIGHTOPERATIONS

BOUNDARY CONDITIONS

MANNEOIACCOMPANIEDBY SEVERALFREEFLYERS

LONGLIFE, SAFE, RELIABLE

FLEXIBLE/VERSATILE

BUILTIN CAPABILITYFOREVOLUTIONARYGROWTH

"USER FRIENDLY"

COMPATIBLEWITH SHUTTLE/ORBITER

LOW COST

NASA'S OUTSTANDING RECORD OF MISSION
ASSURANCE HAS BEEN BASED ON:

CONSERVATIVE DESIGN/THOROUGH DESIGN ANALYSIS
CONSERVATIVE DESIGN MARGINS/TIGHT SPECIFICATIONS
PROVIDE REDUNDANCYWHERE FEASIBLE

• SYSTEMATIC IDENTIFICATION/DISPOSITION OF FAILUREMODES S HAZARDS

THOROUGH VERIFICATION PROGRAMS
DEVELOPMENT TEST/QUALIFICATION TEST

PIECE PARTS/BLACK BOX/SUB'SYSTEM/SYSTEM
PRE-LAUNCH PROCESSING/CHECK-OUT

TEST ARTICLES/TEST FACILITIES

SYSTEMATIC PLANNING/DOCUMENTATION (TEST SPECS/TEST PLANS/lrEST RESULTS)
THOROUGH QUALITY ASSURANCE PROGRAM

MANUFACTURINGPLANS/PROCESSES

TIGHT SUPPLIERCONTROLS
QUALITY INSPECTION PROGRAM

OIIALITY ASSURANCE RECORDS/CONFIGURATION RECORDS
FAILURE ANALYSIS/CORRECTIVEACTION

THOROUGH OPERATIONS PROGRAM
MISSION PLANNING

PROCEDURES!CONTINGENCYP_OCEOURE$ DEVF_.OPMENT
SIMULATIONSIOPSTRAINING

INTERACTION WiTH DESIGN/VERIFICATION ACTIVITIES
OPERATIONS FACILITIES

SPACE STATION MISSION

ASSURANCE PHILOSOPHY

THOROUGH DEFINITION DURING
CONCEPTUAL PHASE

MINIMIZE DEVELOPMENT RISK

AVOID STOPS, STARTS,
SUPRISES, COURSE-CHANGES

FACILITATE PLANNING/
ORDERLY DEVELOPMENT

MINIMIZE TEMPTATION TO
TAKE SHORT CUTS WHEN
SUPRISES OCCUR

MISSION ASSURANCE PHILOSOPHY/DESIGN

• COMBINED DESIGN/MAINTENANCE CHARACTERISTICS
WILL BE CONSISTENT WITH DESIGN LIFE
REQUIREMENTS, |e 10 YEARS TO INDEFINITE

• PRESSURE VESSELS:

STANDARD MARGINS/LEAK BEFORE BURSTIREPLACEABILITY

• SAFETY CRITICAL COMPONENTS, SUBSYSTEMS,
SYSTEMS:

FAIL OPERATIONAL/FAIL SAFE IRESTORABILITY

• OTHER HARDWARE
FAIL SAFE/RESTORABLE
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SPACE STATION SAFETY PROGRAM/BASIC ELEMENTS

• DESIGN REQUIREMENTS

CRITICAL HARDWARE: FAIL OP--FAIL SAFE--RESTORABLE

OTHER HARDWARE: FAIL EAF|_RESTORABLE

SPACE STATION PAYLOADS: TBD

COMPATISLE WITH SHUTTLE-ORBITER SAFETY REQUIREMENTS:

INSIDE ORBITIER

DOCKED ON ORBIT

pRO l_.tAt t T Y OPERATIONS

• PROCEDURAL REQUIREMENTS

HAZZARD IDENTIFICATION AND DISPOSITION

CONCURRENCE BY SAFETYIORGANIZATION OF HAZARDOUS OPERA;tONAL

pROCEDURES

• OPERATIONAL CONSIOERATIONS

EVA IS CONSIDERED ROUTINE OPERATIONAL PROCEDURE

ASr-EMSLT IRUILD-UP I ACTtV ATION ACTIVITIES

MAINTENANCE/REPAIR ACTIVITIES

TRAINING REQU)REMENI$ FOR HAZARDOUS OPERATIONS --" TED

EVOLUTIONARY SPACE STATION/

A NEW DIMENSION IN DESIGN

WE NEEDTO DESIGNTWO SPACE STATIONS:

• A COMPREHENSIVE/EXHAUSTIVE DEFINITION

OF THE INITIAL SPACE STATION

• A CLEARLY DEFINED CONCEPT AND PLAN FOR

THE ORDERLY GROWTH/EVOLUTION OF THE

INITIAL SPACE STATION.

• WE MUST ASSURE THAT THE INITIAL SPACE

STATION IS COMPATIBLE WITH THE PLANNED

EVOLUTION.

DEFINITIONS

FAIL OPERATIONAL:
THE ABILITY TO SUSTAIN A FAILURE AND RETAIN

FULL OPERATIONAL CAPABILITY FOR SAFE

MISSION CONTINUATION

FAIL SAFE:
THE ABILITY TO SUSTAIN A FAILURE AND RETAIN

THE CAPABILITY TO SUCCESSFULLY TERMINATE

THE MISSION

LONG LIFE CONSIDERATIONS

• GOAL IS INDEFINITE LIFE IN ORBIT/NOMINALLY

10 TO 20 YEARS

• WE ASSUME THAT OVER A 20 YEAR OPERATIONAL

PERIOD THAT ALL ON BOARD EQUIPMENT (EXCEPT

STRUCTURES) WILL REQUIRE SERVICING, REPAIR,

AND/OR CHANGE-OUT

• BASIC APPROACH TO LONG LIFE/RELIABILITY:

- BUILD SIMPLE, RUGGED HARDWARE

-- BUILD MODULAR SYSTEMS CAPABLE OF BEING RETURNED
TO EARTH

PROVIDE CAPABILITY FOR CREW TO ACCOMPLISH ON-ORBIT
SERVICING/REPAIR/CHANGE.OUT

-- FAIL OPERATIONAL--FAIL SAFE DESIGN FOR CRITICAL HARDWARE

MISSIONASSURANCEFACTORS
TO BECONSIDERED

WHEN EVALUATINGCOMPETINGDESIGNOPTIONS

• ESTIMATED OPERATIONAL LIFE

• MAINTENANCE/SERVICING/REQUIREMENTS

• RELATIVE RELIABILITY ( IN QUALITATIVE TERMS)

• PERFORMANCE REQUIREMENTS/MARGINS

• HAZARDOUS FAILURE MODES/AVAILABLE

CONTINGENCY PROCEDURES

• OPERATIONAL HAZARDSIAVAILABLE

CONTINGENCY PROCEDURES

DEFINE AND INITIATE PHASED
MAINTENANCE PROGRAM

TASKS TO BE ADDRESSED EARLY IN PROGRAM

• RELiABILITY/REDUNDANCY/MAINTAINABILITY TRADES

• USEFUL LIFE OF PARTS, COMPONENTS, ETC ESTIMATES

• DETERMINATION OF ORBITAL REPLACABLE UNITS

• IDENTIFICATION OF SPECIFIC MAINTENANCE TASKS

• ESTABLISH ACCESS REQUIREMENTS

• iDENTiFY SUPPORT EQUIPMENT/TOOLS

• DETERMING ON-BOARD SPARES/STORAGE REQUIREMENTS

• DEVELOP PROCUREMENT PLAN/PROCEDURES

• DEVELOP PLANS/REQUIREMENTS FOR GROUND
MAINTENANCE AND REFURBISHMENT

FUTURE ACTIVITY AREAS

• PROVIDE FOR GSE STORAGE, SPACE STATION DATA
BASE MAINTENANCE, SUSTAINING ENGINEERING
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ESTIMATED OPERATIONAL LIFE SPACE STATION RELIABILITY PROGRAM

D

PUMPS

REGULATORS

BATTERIES

PRESSURE VESSELS/
LINES-FITTINGS

HARNESSES/
INSULATION

EEE PARTS

SEALS

COMPUTERS/
SOFTWARE

OPERATIONAL SERVICING
ITEM

LIFE REQTS

TBD TBD

OBSTACLES TO MISSION SUCCESS

• LONG PROGRAM

• TIGHT BUDGET

• WHEN FUNDING SQUEEZES OCCUR, THERE
WiLL BE A STRONG TEMPTATION TO
REDUCE, POSTPONE OR ELIMINATE

MAINTENANCECAPABILITY
SPARES
SUPPORT EQUIPMENT

• FMEAS / DESIGN AND OPERATIONAL

• IDENTIFICATION OF FAILURE MODES/DEFINITION

OF FAILURE EFFECTS

• CATAGORIZATION OF FAILURE MODES BY CRITICALITY

• CRITICAL ITEM CONTROL PROGRAM

• INDEPENDENT RELIABILITY ASSESSMENT OF SELECTED

RELIABILITY ISSUES

MISSION ASSURANCE REQUIHkMENTS

DISPOSITION AND CONTROL OF SINGLE FAILURE POINTS

FUNCTIONAL AREAS

TEST •
DUALITY C_ECKOUT

t_,_NOATO_ v *vtm_y ey
U_SPLCT_V TIST IF

_TS I'OMI0¢|

Q_AntEO *iXPt.lClT
PANTS AN. TUT liCiT|,
ALVSI_ _Om _ACN

*_OATOAV eV|nlSV ev
WI_CT_ TEST De

_O_mTS ,*_At yS0I

"F_IL_O m_XPL0CtT
VAATS _N- TIST m_VTS
AL VS*S fO_l |ACN

U"

*s_icT_o

=_v.,s_cr.

enO_T_vE
iNSPECTION

A_ALVIII

*SiL[¢TIO
TI_ST RO_TI

mQUTS

i_ovlo_ *HOtel

i AnO_N

SPACE STATION SAFETY PROGRAM/BASIC ELEMENTS

• DESIGN REQUIREMENTS

CRITICAL HARDWARE: FAIL OP--FAIL SAFE--RESTORABLE

OTHER HARDWARE: FAIL SAFE--RESTORABLE

SPACE STATION PAYLOADS: TED

COMPATIBLE WITH SHUTTLE-ORBITER SAFETY REQUIREMENTS:

iNSIDE ORBITER

DOCKED ON ORBIT

PROXIMITY OPERATIONS

• PROCEDURAL REQUIREMENTS

HAZARD IDENTIFICATION AND DISPOSITION

CONCURRENCE BY SAFETY/ORGANIZATION OF HAZARDOUS OPERATIONAL

PROCEDURES

• OPERATIONAL CONSIDERATIONS

EVA IS CONSIDERED ROUTINE OPERATIONAL PROCEDURE

A SSEMDLY/BUILD-UP/ACTIV ATION ACTIVITIES

MAINTENANCE/REPAiR ACTIVITIES

TRAINING REQUIREMENTS FOR HAZARDOUS OPERATIONS --- TED

SPACE STATION QUALITY ASSURANCE

PROGRAM DEFINITION PHASE

D_VELOP PROGRAMMATIC QUALITY ASSURANCE REQUIREMENTS

SPACE STATION NEEDS

- GROUND

• FLIGHT

DEVELOPMENT PHASE

• ASSURE THAT INSPECTION REQUIREMENTS ARE REFLECTED IN DESIGN

• ASSURE COMPLIANCE WITH SPECIFICATION REQUIREMENTS DURING:

SUPPLIER ACTIVITIES

MANUFACTURING/FABRICATION/ASSEMBLY

TEST/VERIFICATION

TRANSPORTATIQNISTORAGE

• ASSURE IMPLEMENTATION OF FAILURE REPORTING/CORRECTIVE ACTION/RECURRENCE

CONTROL PROGRAMS

• ASSURE COMPLIANCE WITH CONFIGURATION MANAGEMENT RECORD KEEPING REQUIREMENTS

OPERATIONS PHASE

TSO

PHILOSOPHY

• MAIN THEME OF QUALITY ASSURANCE ACTIVITIES:

ELIMINATE NON.CONFORMANCES

• OUALi TY A_._UflANCE IS EVERYONE'S BUSINESS

)
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APPROACH TO MEETING

LOW COST OBJECTIVES

STEPS REQUIRED TO GET SPACE
STATION APPROVED AS NEW PROGRAM

• MUST SHOW NEED FOR SPACE STATION

• (I.E., AI_RACTIVE SCIENCE/TECHNOLOGY/
APPLICATIONS MISSIONS WHICH REQUIRE A

MANNED SPACE STATION)

• MUST CONVINCE CONGRESS THAT WE KNOW HOW TO

BUILD A SPACE STATION THAT CAN ACCOMMODATE
MISSIONS

• MUST BE VIABLE LOW COST PROGRAM

SPLIT PERSONALITY

• ON THE ONE HAND, WE FACE A STERN AND
DIFFICULT CHALLENGE TO MEET MISSION
ASSURANCE OBJECTIVES; i.e., TO DESIGN,
BUILD, AND OPERATE A SPACE STATION IN SUCH
A WAY THAT IT WILL FUNCTION AS INTENDED
FOR UP TO 20 YEARS

• ON THE OTHER HAND, WE MUST ADOPT LOW
COST WAYS OF DOING BUSINESS ACROSS THE
BOARD, INCLUDING LOW COST APPROACHES TO
MISSION ASSURANCE

CANDIDATE AREAS FOR COST
SAVINGS/COST AVOIDANCE

• REDUCE SPECIFICATION REQUIREMENTS WHICH ARE

OVERLY TIGHT/OVERLY CONSERVATIVE

• INCREASE ON-BOARD AUTONOMY/REDUCE GROUND

MONITORING, GROUND CONTROL

• DESIGN SIMPLE/RUGGED SYSTEMS EMPHASIZING

MODULARITY AND COMMONALITY

• USE EXISTING SYSTEMS/FACILITIES

• DEVELOP/IMPLEMENT OPTIMIZED ACQUISITION/

PROCUREMENT STRATEGY AND INVENTORY CONTROL

• REDUCE DOCUMENTATION REQUIREMENTS

SPECIFICATION REQUIREMENTS

SOME sPECIFICATIONS ARE UNNECESSARILY TIGHT

• WHICH SPECIFICATIONS? WHICH REQUIREMENTS?

• HOW DO WE INTELLIGENTLY "EASE-OFF"

THE TIME HAS COME TO AGGRESSIVELY "ATTACK"

THIS AREA. THE OBJECTIVE IS TO RELAX OVERLY

RESTRICTIVE REQUIREMENTS WHERE IT CAN BE

ESTABLISHED THAT

• SIGNIFICANT COST SAVINGS WILL RESULT

MISSION ASSURANCE/SAFETY WILL NOT BEUNDULY

COMPROMISED

HOW MUCH GROUND
MONITORING/GROUND CONTROL

• INTUITIVELY, WE WOULD LIKE TO CUT BACK IN THIS AREA,
i.e. LESS GROUND MONITORING AND CONTROL

• HOWEVER WHEN PROBLEMS OCCUR -- AS THEY

INEVITABLY WILL -- CREW WILL NEED EXPERT
ASSISTANCE FROM GROUND TO ANALYZE/RESOLVE

PROBLEMS

• WE NEED TO DEFINE OUR NEEDS IN THIS AREA AND

DEVELOP AN OPTIMIZED APPROACH

SIMPLE RUGGED SYSTEMS

• ENVIRONMENT:
• RELATIVELY EVENTLESS, BENIGN

• DESIGN CHARACTERISTICS:
• RELATIVELY LESS EMPHASIS ON WEIGHT SAVING,

HIGH PERFORMANCE
• MODULAR/REDUNDANT

• MAINTAINABLE IN EVENT OF FAILURE
• FAILURES CAN GO UNATTENDED FOR RELATIVELY

LONG PERIODS WITHOUT CREATING HAZARDS

• CONSEQUENT COST REDUCTION
OPPORTUNITIES
• POSSIBLE TO BUILD RUGGED SYSTEMS WITH

REDUCED LEVEL OF REDUNDANCY RESULTING IN

• LOWER INITIAL COSTS
• LOWER OPERATING COSTS

EXAMINE USE OF EXISTING
FACILITIES/SYSTEMS, SUCH AS:

GROUND PROCESSING FACILITIES

DOCKING HATCHES

LATCHES, FITTINGS

EVA EQUIPMENT

SCIENTIFIC AIR LOCK

PALLETS

PRESSURE VESSELS

INSTRUMENT POINTING SYSTEM

REMOTE MANIPULATOR SYSTEM

ETC.
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COMMONALITY OF HARDWARE

• MODULES/STRUCTURES

• INTERFACES

• SUPPORT EQUIPMENT

• COMPONENTS/BLACK BOXES/SUB-SYSTEMS

MISSION ASSURANCE PHILOSOPHY

SOFTWARE SYSTEM

DEVELOPMENT/MANAGEMENT

• SPACE STATION FLIGHT SOFTWARE SYSTEM WILL
PERFORM NUMEROUS VEHICLE SYSTEMS MANAGEMENT
AND MONITORING FUNCTIONS AND PROVIDE VEHICLE TO
CREW AND VEHICLE TO GROUND INTERFACE

• SOFTWARE/SOFTWARE SYSTEM WILL BE A MAJOR
COST/RISK FACTOR IN THE PROGRAM

• DEFINING AND VALIDATING GOOD SOFTWARE/SOFTWARE

SYSTEM REQUIREMENTS IS CHALLENGING. DIFFICULT TO
MANAGE_CRUCIAL TO PROGRAM SUCCESS

• MANY (TBDs) AT PRESENT TIME

• ISSUES: HOW MUCH AUTOMATION

HOW MUCH ON-BOARD AUTONOMY

HOW MUCH FAULT TOLERANCE.

SPACE STATION FAIL SAFE/FAIL OPERATIONAL/

RESTORABLE DESIGN PROVIDES US WITH

OPPORTUNITY TO RELAX (TO SOME DEGREE)
VERIFICATION REQUIREMENTS -- --

PARTICULARLY IN NON-SAFETY CRITICAL AREAS

HOW MUCH GROUND VERIFICATION?

DEVELOPMENTTESTING

QUALIFICATIONTESTING
LIFE TESTING

ENVIRONMENTAL OVERSTRESS

FUNCTIONAL/OPERATIONAL SIMULATION

INITIAL DESIGN

ON-ORBIT REPAIRSIMOOS

HOW MANY TEST ARTICLES

HOW MUCH ACCEPTANCE TESTING

WHAT IS PHILOSOPHY OF PRE'LAUNCH

CHECK-OUT?

HOW DO WE VERIFY:

INITIAL SUILD.UPIASSEMBLYIACTIVATION

SPARE PARTS

INVENTORY CONTROL/OPTIMIZED
PROCUREMENT STRATEGY

• HOW DO WE ASSURE THAT SPARE PARTS
WILL BE AVAILABLE OVER A 25 YEAR PERIOD?

-- WHAT ARE OUR LONG TERM NEEDS?

-- WHAT PROBLEMS CAN WE ANTICIPATE?

-- WHAT IS OUR APPROACH TO LOGISTICS
MANAGEMENT?

REDUCE DOCUMENTATION/
REPORTING REQUIREMENTS

• COMMON PERCEPTION THAT NASA REQUIRES A

CONSIDERABLE AMOUNT OF UNNECESSARY/

MARGINALLY USEFUL DOCUMENTATION IN THE

FORM OF REPORTS, ANALYSES, ETC.

• WE ARE LOOKING INTO THIS AREA AND INTEND

TO DO SOMETHING ABOUT IT

MISSION ASSURANCE IS THE RESULT OF GOOD

MANAGEMENT OF A BROAD SPECTRUM OF ACTIVITIES

OVER A LONG PERIOD OF TIME

• PROGRAM PHASES
CONCEPT DEFINITION

DESIGN DEFINITION

M ANUF ACT URING IFAmRICATION

TEST AND ANALYTICAL VERIFICATION

OPERATIONS

SAFETY

RELIARILITY

OUALITY ASSURANCE/CORRECTIVE ACTION

MAINTAINABILITY

INVENTORY MANACEMENTILOGISTICS

CONFIGURATION MANAGEMENT/CHANGE CONTROL

TEST PLANNING/TEST OPERATIONS

SIMULATIONS/ANALYTICAL VERIFICATION

GROUND OPS PLANNINOIGROUNO PROCESSINO

MISSION PLANNING/FLIGHT OPERATIONS
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11t2 I 195 _0 12900 ]tiSO ql2) 13/3 3 .....

19g_ t 55C00 215 53 1(_600 1520 5(3) 121_ 3 .....

19_ 81000 275 88 2qSG0 1330 8(5) 11/k 2 li

1995 181000 275 101 2S200 230 11(8) 7/q 2 I

19%1 107(300 310 10_ 2%00 160 lq(1O) 10/q 2 12

199# 101000 305 121 30200 1.50 lk(10) IWq 1 10

19_ 99000 30S 112 27qC0 110 1_1(10) S/q 2 lJ

19991 _ 379 _0 27500 110 15110) 2/2 2 ill

2000 9_000 36S 129 26900 70 15(10) 2/2 2 11

mOTES: II) [(G FIIQI)UCTION FACILITY ADDITIONAL ONIT! K Oil LINE IR 1_3, _1_, _

ARE ASSUREDTO SE CO"O_|ITING FREE FLYERS.

(2) ll_ll IR RAI_MTH[SIS IS TH_ NUI_I_[R OF OOMq[m¢IAL PROOUCTION UN!T$ PROVIDED EY

I_IDUSTRT.

4/PMESE SPACE UTILIZATION

0 _4TERIAL SCIEACE _ SPACE PRO¢[SSIRG

- _ R_8 FACILITY

-PR_ESSING FACILITY

O LIFE ,T_I_JICF.$

- RAmlED _ FACILITY CBIOLOGT, SPACE 14E:DICIISE, C_LS_)

O SPACC _K_IENCES AND _PLIEAYIQflS

- [.ARTH 0RS[RVATIONS _ _ UI_qANNED FACILITIES (R_AR PO4.AN)

- ASTROIIC_IICAL 0BSERVATIORS FREE FLY[RS_PLATFOI_q (ION AND Nlrd_ I_L.)

O TEC_m_.OGY _ O_ERATIO_S

- FREE FLYER FOil SPACE PLASIqA, /_DVANC_ PROPULSION, _I**RONAVI[ _/IERIY

TR_S., SOLAR AONAYS Ale CONCEnrrRATONE

- !kTTACi,ii_ Iqo_ULE FOil _ SilllClUlliS, _ DUllllTI011 E..-l'lllml., llll_

SOllVlTT LIIUID file

0 llCATION TECIOGT

- I.qRGf _lllili C.OIIITIUCTION

- SATELLITE ASSILY I TESt

- IqAI ITIIUUI¢I

28,5" PLATF01_

$_ liilllll lllli'!i_ S

P.[C0_OI RG ATT_JICH[D PAYLOAD IYN FMI_ _,AIA lille PIASS _d[RVlClNCd
_ PAYLOADS gG

lentil 2 .S 1_, 2 _ 2

19t2 3.1 66 3 115OO l

1995 El. 7 6# II 18500 2

lll_l 1.9 50 2 llllSO 3

llg5 3.2 Sl 3 lllq00 2

1_1_ 3.3 51 2 IMm $

19°_ 2,S 2 $ IMCO )

lllll 2,6 2 3 186W 1

1999 l.l I 3 I 3

2g00 2.6 _2 i l_J00 2

(,llllDlill SPAC2 UTILIZMI011

(37 PAYLOADS)

0 ffATERIAL _IENCE _AD SPACE Ple_EEEIelG

* Iq_D _ FACILITY

- /_T_TED PROCESSINi FACILITY

0 LIFE SCIER¢ES

- P_O _ FACILITY

O SPACE SCIENCES AR8 /_I_.IC.ATIONS

- EARTH 01SERVATIOIIS FI_[ FLYERS/PLATRORIq (SUN SYNC., /I-7 t4d ]_0.2110 IqJll_)

* ASTROIIO_IGIIL 011SERVATIO41EFI_E FLYI[NS/PI.ATFORfl (LOll Aim HIll4 lllCL.)

O TECI_T Ale OPERATIONS

- _ $TImCTUI_S (.ollSii_¢ll&isEIqlLY

• _ _ILLI/AllP.AYI

- Eli kv[I..

- 01'_ $111

- tllrrll_l, SlmrlCl_, REPAII
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)

INTERNATIOICqL SPACE UTILIZATION SUISURY

RI $$ Iol_ M[A U,$. ESA J/_DAN CJW_DA

_ttEIIIAL SCIENCE Aiq8 SPACI[ PlWCESSI NG

ATTACHtO PI_CESSING FACILITY I_'

I*.O-ONIl|Tlfli PliOCES$1IG FACILITY _ Ve _ _/

LIfE SCIENCE

filmED ill0 LAB. v# V' v' i"

_,,l}'_ll|Tillll IllS, F/I,CIL|'T'i

SPACE SCIENCES AJ_ APPLICATIO•S

_IdiTH 0_IS[EYAT I ON

HIG4 ilIcL, F,F,/P V" t / V"

ATTA£Nf.B RE5.

PlAiD HI_ INCL. _'

ASi•_qOIql CAL. ONSEI_AT I ON

ATTACHED OIs. V_

Law IKL. FF/P _' / t"r /

NIGH IKL. FF/P #' #' _' V'

_ECillIOLOG_ llllD OllillITIOll5

i.iuicll STnUCTmES / _" / 4

[NERG[TICS q_ _* _ It"

Se.soq _L0em_ V" ,/

_ JIqTENNICE[_[RV I CE/REPA i II / / _ V/

orv J _ 4

SIIf.CIAL Im_uilEl_ll_

$CiiAC[ Ai_ APIq.iCATi01_

- COm'IlMTiON COMTEQL

- HIGHLY ACCURATE POINTING AIQ STABILITY

OOmElCiAc

- PHYSICJi. I liCliliOlliS 51[CURiTY

PIOPlli[TNIY PNQC($S[$/EXFEIilq£1ITS

- OM-OIIiIT $10_kG[ OF CORPI._E SPACECRAFT

* ST_ f_R lUIM IIM[RiAL.5 NI EDUiRIEIT

T[ClllUOGy DEV[LOI'IIEDT

* MIGII LEVEL Of _A

SPAI_ SlllTigil FUlITllAL CIDIACTERISTICS

iilJTIlllV: 211,5" SPACE STATIOM

o R[SF_lUICll LltIQAATORY ($CIiIICi_ APPLICATIONS, 'IIrCNNOLOGY, INOUSTEIAL)

O 011SE_VAIOA*f

0 SATELLITE/PI.ATfO_q SERVIEE CENTEN iTl_)

0 COImUMIC_TIO_IS AND DATA PROCESSING

0 LON A_D MIGH lilCLINATIOll h.ATFgll_

0 TRANSPO_TATiOII _ TO HllllliN [Jlil_IY OltlllTS (SIOW)

0 STOIrAG[ FACILITY IN SPA¢I[

0 _.OIISTRUCTIOI_AS$1J_LY 0ENT

O [IIKlUlC[D (AIIAIIILITY IN _ AREAS

O MODEST REPLICATION IN POUiA 0NNIT

US[It (Dll_lllS

• NOWMILL NASA INSIJR£ *USER FRIEI_LiN(SS?"

" _ID AND _JAli/m_EiO ACCESS

• /DEGUAT[ RESOU_ES (iNCLUDING STO_AGE)

• IqllllMllq *RED TAPE*

- SECIJ_IITY fOR III_PRIETIIRY IvPERIIqENTS, lllIOCiSSiS, MID DATA

- _OlllAl_ll4ATllm _ I_llllTi_ COlITIOI.

• REASONIdlL[ USER CJCAIIIGEPOLICY

0 G 131)$TEFFECTIVE /d_:

- SATELLIT|/PI.ATFCIIllq SFNVICI•G

- SPACE I_SEO OTV

0 MILL SPACE STATION D_VELOPI_IIT R_UC[ FUi_ING AVA|_UPr FOR TIL_|T|OA_4_

SPACE 5C1£1¢C( NI AFgLIUTiON_ Oi$CIl_LIll$?

SPA([ STATION CtlALI.[IIG[_

111( U_E!I Villi

o |IrTERFACE PHILOSOPHY--KEEP IT STANDARD AND silltL[.

O USEII _t_A_E I_l¢_--[$T_Ll$_ IT E_R_Y _ $T1¢_ 1_ iT.

O [ST_mLISN A USER CO_TEll_t_l_C£ TO THE D[SlGNEIIS/IUIUDEIIS--I)O_°T _AI(EN TNE

US|N ACC_tI_ODAYIO_ I*IP[TUS.

ON WlIN DEVELOPI4_m, TEST A_ TmAINING O_ $1eJTTL[.

O NIGH PR_UCYIVlTY IS THE _£Y TO COST [FFECTI_[SS-*EXCES$1_ lIMl_GiivillT

GIOU_ CONTROL I$ TNE ENE;IY QF PROO_TIVlTY,

O TH( flIGhT _IX O_ AUT01_TI_ _ ChEW IS ESSIIITIAL _ _ST |E [ST/d_,ISiIF.D [/dU, Y.

O TO ATTRACT |U$1NE$$ T1¢£ SPACE STATIOn RUST |[ n(SOURC( nlCH.

O _IT[LLITE/PLATf_ SE_VI¢II_G _ 0T_ OP[RATIC4¢S I_JST |[ COST [fF£Cfl_.

O 0_lGldlD R_$£A_CM I.US SltOULll |( EQUlPPUD /li 0fEP,ATF_ LIr_[ _ NESEId_ t./dll,

O SP/_I_ PARTS PlJST |E _VAILA|L£ leN[_ lll[O(D.

IqlSSION R[0UIN(_NTS 5LPIq_Y

41 $E¢Oli9 IT(RATIClll Oll_.Y

O IqlEIIOllS _llE:

- P•OGRNlqATICALLV R(ALISTIC

- SCIENTIFICALLY Y_LiU

o TECI_OLOGI£ALLT FEASI|L|

0 COII_IIEIAL FIATEIIIALS ll!q_OIJCTIO_

- CURII[IIT I_ST GUTSS (iill_[llED iv LACK OF IIICROGIIAVlTY lllSIANCN EXPERI(NCE)

- (XTEII$1VE SHUTTt.£ SOlITl_ IKSEAR¢II REaUlNlll PItlgll TO 11191

ELER£NTS OF C_S_ EFFE{IIVL e1$$1_ ASSURA_[[

• TESTIN_

• CH(_KOUT

• HARD_AR£ DEVCLOP_EIII

I OFF-1H(-$H(LF HARDWAR(

* REDUIIDANCY

• _INTAINA_ILITY

I TCST PRO_IIA_ ARE L_RGE COST DIItV[AS

(IIANUWARE, FACIL!TI_S. ANU _NPONEN)

• EARLY TC_TI_ VS. LATE I_STI_

(APOLLO VS. SHUTTLE)

I FLI_rT TEST VS, GROUND TEST

_A_ R_TI_ IS_UTFLE _$, OldEN RAN PN_RARS)

THEN_L VACUUM ISHUTTLE VS. OIH(N MAN PR_R/_%|

e INFLIGHT CH[CKODT VS. GROUNO CH[EKOUT

SOft( PATLOAOS RAVE USED THIS

HARDiIAR[ DEVELOPI'I[NT

USE OF FLIGHT-TYPE HAND,ARE

DEVELOPI'L(NT ON OUAL HARIYlIANE

• TRADE-OFF OF IIEDUNDANCY VS. CNECKOUT COST VS.

D[VELOF_qENI COST VS. COST OF UNIQUE NAN_ARE

• TIllUS[ OF OFF-THE-SIIEIF HARDWAR[ VS. CDST OF

DEVELOPINO UIIIOU[ HAkbNAN[

• |ii[ COSI OF PIIOVlDING III_LIGHT HAINTAINABILITY
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SPACE STATION SYSTEHTRADE STUDIES

Presented to Space Station Workshop at 1983 Conference on

Hission Assurance by Charles R. Var_rin-HSFC

The Space Station System Architecture and Space Station Design Architecture have

been the subject of system trade studies over the past year and also serve to

partially describe the type characteristics expected in a station6nd related

system. Most of these trades have a relatlonship vith Mission Assurance.

Selected summary findings from a number of these preliminary trade findings

have been included in this discussion and are reflected in the followlng charts.

nlsslm

|MOO!UD lm dl PSgN'JlI[S

OI_IC SlrSII[N MOI|II[ClUl[

• stAw,m ESlm JcNJ_cnl

I_IC INI|IJil. mll, Pl

AIILII¥ 10 Iql_ll _llg FLLIIIILII¥

• SIAl IM SUISTS_IG Illq.F,JOllAVlm

• SIIIIW a(i.l_lY/LS_lI.VOl_SLqlU_ylm-(mlll! CPI[RAIIOIG

• 5llTIm IOlI[MAC[/I_IMTI_S If.UiTlm I0 _qlTM51_ e

• AFIqlGAC_S I0 SAF£|YflI_LlUlL|TY/IqAIIITAINAIILITY_I[_ffJIy

O_F(CIIW CJl[I PIIOVI$1aI_q/IlI.IZA/IIM I$1GN _0 CP_IIATIOI_

• IN%[_JlrATICll dUO _.JMIIglG GDSIS
SIA|Igll

IWLnrfICZ ON I£LAII[.IDSTST[JqS

ES.[M_TSOfSPAC_STATI(_S'rS_ _¢HIT_¢TU_

rT.;, ._7 r----'_
, l_IliI ..e " I I 0,,.._ I

___-----. J , .,.. ,

n ,

_mtl pt_lml

IlPLL_NII TUl wtlmm_ wll_

• wrIRI4LAm
Inl CMLNg_I

olllI
. IPPll _TLLII_
. a_t ;q.5_lm
. .WeO0IN onesl_m

* 18lEt 18LILSm8 • ILt151_Lm

• ItJl_Lg /_0 tdlIIJ5118 OMdUO

e lldl 181 ddO O *_i_

• _JlmJm t_m * 8olm851_4Lm_m

• _Mdhu w_lqM s

.ml_W om_li

e _tlNMM ol_i_

o m,lllllll _
'u _ 14 I_NImYIM

oM
• NIIII41_ m SS_lmSllle

• N INIl'T IJNIlUlNllldlTlll

• iil_Jull_ellQ roll41 • _leO I1_1111 m

_Z_aLU_U

Illlll. $1illl_lll_l_lG - _ 8lill_ll/lll_llll

Q_W:[ $lill_n gmlllll Ill _IUIII _ file

BI li CJPIIII.II_ ((_lll M _lr_lll)

o_tll! _4,1_llll t f_l_TIl l_l.Tlll

olR_l_Ol.! I0 I[_. I_.llilklYI. ll_lllilllUIll.llT

O$1A|I_ ll_OII 1ECllm[

118111111111 I RI_II_ Ill IIIlll_l_11

nits II;N C_NI{II_I I_

C-ll _ /_ INTFNTmNal I ¥ _I a_,.



SPACE STATION CAPABILITY LEV_.

VS

EFFFC|iVE MISSION ACC0.'.V.ODATION CAPABILITY

AND

SYSER COST

mTEJlTIL m_J TO libel r.al

• I_IUIATm lip I_eJtN:l_ _nlmJull

. ITIII.I_rUIIll

. iIR111111 lillllp/i_ll

• I_llail IIIiII IlIG IIAlIOil/IRI -- I_lll II Tll

. 0ItlWT|It RADIATOR

. I.*mOIAT _ ll&lllB

li TRADII IdmtIR WTIAk r,4NIT_ Iq4MIIt •NRAT I1_

. CPlII _ IC_.l _ eL011 C)I_

• LOlll[ll INITIA_ CAPAdlILf_rvA_o_IrlJROW_NKfM

. FOIII II'LIVIt, I tllll Vl II INA

• II_IIIAII IIAPIII_ f&_rOII _ III•U¢I Tlnl•l

. irlrRUCRIml IA/ITV FACl'OIIlllJlv1141

• PIIOTOfLKI_r UTNIII _ PIt0TOIr_I_ IttltimAIll

OlGS Sl

INITIAl. SPACE STATION FUNCTIONS/FACILITIES/SERVICES

INITIAL STATION
MINIMUM CAPABILITY

INITIAL STATION
MODERATE CAPABIt ITY

INITIAL STATION
SIGNIFICANT CAPABILITY

• GENERAL RESOURCES TO PLDS.

- 6 KWAVG. TO USERS
-- PAYLOAOS PROVIDE OWN

HEAT REJECTION
- LOW COMM. & DATA

-- COARSE POINTING {ARC MIN -OEG)

- MIN. ORIENTATION FLEX,

- PLO. WTJVOL.:, TBO

• CREW SUPPORT

-- 3 MAN CREW

-- 90 DAY RESUPPLY
-- OPEN LOOP ECLS

• SCl E NCEIAPPLICATIONSICOMME RCIAIJ

DOD[TECHNOLOGY

-- SMALL INTERNAL VOLUME
FOR EXPERIMENTS |I RACK EOUIV)

- 2 EXTERNAL PORTS OR ATTACH ZONES

• OPERATIONS SUPPORT CAPABILITY.

- MAINT/SERV OF STATION&

INTERNAL PAYLOADS

- CREW SUPPORT TIME: TED

• MISCELLANEOUI

-- CURRENT TECHNOLOGY

• GENERAL RESOURCES TO PLDS.. • GENERAL RESOURCES TO PLOS.

-- 20 KW AVG. TO USERS I
-- STATION PROVIDES I0% PAYLOAO IHEAT REJECTION

-- SIG.-COMI_ & DATA WITH
INFRASTRUCTURE

-- MODERATE POINTINGIARC MINUTES)

-- SIG, ORIENTATION FLEX,

-- - PLO. WT./VOL: T80

• CREW SUPPORT

- 6MA,VCREW"I
- sooAv._u_'CV.
-- CLOSED LOOP ECLS

• SCI ENC|/APPLICATIONS/COMME RCIAI,..I

OOO/TECHNOLOGY

-- INCREASED INTERNAL VOLUME FOR
EXPERIMENTS 16 RACK EOUlV.I

-- 6 EXTERNAL PORTS OR ATTACH ZONES I

10 KW AvG. TO USERS
STATION PROVIDES 50% PAYLOAD

HFJI_T REJECTION

MOO. COMM. & DATA WITH I
INFRASTRUCTURE IMODERATE POINTING IARC MINUTES)
MOD. ORIENTATION FLEX,

PLD. WTJVOL.: TEO...

• CREW SUPPORT

|- 4 MA_N CREW

I._ 90 DAY RESUPPLYPARTIALLY CLOSED ECLS'IWATERI I

.SC,ENCE,APPUCATIONS,CO"ERC,AU
O00rTEC.NOLOGY

I-- MODERATE INTERNAL6,/OLUME FOR IE_PERIMENTS 14 RACK EQUIVl

I-- 4 EXTERNAL PORTS OR ATTACH ZONES

• OPERATIONS SUPPORT CAPABILITY

MAINT/SERV OF STATION. INTERNAL. &
EXT PAYLOADS

CREW SUPPORT TIME: TIO

MAINT/SERV OF FF & PLATFORMZ

TM_; BASE

• MISCELLANEOUS

-- MODERATELY ADVANCED TECHNOLOGY

C-12

• OPERATIONS SUPPORT CAPABILITY

-- MAINT/$ERVOF STATION.
INTERNAL & EXT PAYLOAOS

-- CREW SUPPORT TIME: TED

-- MAINT_SERVOF FF • PLATFORMI

-- TMS EASE

J-- ON-BOARD MANIPUI.ATOR FOR ASSY.JSUPPORT

-- AT T ACHMEN TIASSY-SPACE

• MISCELLANEOUS

-- SIGNIFICANTLY ADVANCED
TECHNOLOGY



rl

0457-83

ACCOI'WODA| ION APPROACH

FOR

MISSIO_I CATEGI_IE.___..___S•

_cJ s Am, icE/co,,,,.
• AStROlaltllCI __

_C|II&JJS| _OJlS AN&L l rilE

_llr LU_JI lOLl i Ill II_AIlUIJ

,_lv.Jv_,uTouA.o

• PRQP[LLAIIT MANAG|MEIT SAf(LLIT[ SLAYICUI| .,,,,"_SStOll$ iIiT|C, UTIOE-'"_

_0L _. • AP_u'aoAll0trs ]
_lfJ _____ % • 8|S_GII IIMLICATWM

• AJ.SEMOLV 0TV MIS_IOJi sulqP0nlr

• _AJltitA'rJSll

• ¢OIII'ROL • LOW CONTAMINATIO N
80_ MISSJOll • MAIIPOW|N UI'ILIIATI0il

• Saf I[Ty • PAR11, ilrlk_l|ll, I|NVIW

ORO,'T ¢01J|TRUCTI011 i JULSJMILV
• S|CUIUlrT • TIMI[oSNAIIII8

• • MAIiPOW|It UTILIIATiOII •
• 0ill| li |Alr 101i_A_LIlrV

.l,,,.-,o.__s
1 011111'
• MAIII F ll'l+lll

• ¢OMMUIIIP.ATIOIII

SS SYSTEH SUPPORT OPERATIONS

SUMMARY IMPACTS/CONSIDERATIONS

MISSION CLASSES

• SCIENCE & APPLICATION/COMMERCIAL

ASTROPHYSICS

EARTH SCIENCES

MATERIALS R&D. PROCESSING

LIFE SCIENCES

GENERAL R&D

• UPPER STAGE SUPPORT

• SPACECRAFT SERVICING

• LARGE STRUCTURES

• ODD

• TECHNOLOGY DEVELOPMENT

SS IMPACTSICOtJSIDE RATIONS

• ROTATING PORTS

• UTILITY SUPPORT (POWER. THERMAL. DATA .... )

• PRESSURIZED MODULES

• AIRLOCKS, HATCHES

• INTERNAL RACKS/CARRY-ON SUPPORT

• EXTERNAL PALLETSIUMBILICALS

• EXPERIMENT CONTROL. CREW SKILLS

• CONTAMINATION. ATMOSPHERE IVtAKEUP. ECLSS BURDEN

• BERTHING & HANDLING SYSTEMS

• C3 SUPPORT

• REFUELING SYSTEE1S

• EVA SUPPORT PROVISIOf]S & TOOLS

• LIGHTING, VIEWING, VOICE SYSTEMS

• MATING ORIENTATIONS. CLEARANCES

C-13



4|20-|2

TRADE P-6 EVOLUTIONARY GROWTHMODES

INITIAL
STATION GROWTH >

GROWTH

STATION

CAPABILITY LEVEL: /

- MINIMUM

- !M'OOERA.1
- SlGisrIcAn;i

GROWTHMOOES: ( CAPABILITYLEVEL:

A. REPLACEMENT / - MINIMUMI. EVOLUTION - I MOOERATE]
C. REPLICATION - SIGNIFICANT

TECHNOLOGY EVOLUTION

08S8-113

• TECHNOLOGIES

WHICH CAN BE
MADE AVAILABLE
BY 1916

eNEWAN0 EMERGING TECHNOLOGIES

• MORE COST EFFECTIVE/EFFICIENT PROCESSES

- POWER SYSTEMS - ECYLSS - CONTROL

- COMPUTATIONAL SYSTEMS/TECHNIQUES

/ - COMMON FLUID SYSTEMS
N

/ -- I_I_PROVE0 MAINTENANCE TECHNIOUES

/ / - STAGE AND S/C DETAIL SERVICING/CHECKOUT
H 4r

/ / - FINE ASSEMBLY TECHNInUES

.,// - REFUELING OPERATIONS

- REMOTE SERVICING

• STANOAR01ZE INTERFACES FOR AOO ON AND REPLACEMENT

• DESIGN TO ALLOW ASSEMBLY REPLACEMENT ON ORBIT

- SOLAR ARRAY - COMPUTERS - EC/LSS COMPONENTS

• INTRA SYSTEM DATA AND POWER DISTRIBUTION NETWORK SIZING

• CONTROL AOAPT,q, SLE TO ADO ON ACTUATORS

• CONFIGURE ARCIflTECTUR[ ALLOWING FLEXIBILITY IN GROWTH
FOR ADDITIONAL ELEMENT ANO MISSION EOUIPMENT_FUNCTIONS
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ORDIT S£I,,£CT.

AND

FORIqATION FLYXNG

Olllt IEITL"tlll C'IO_IEIIATIO_I

- ItS LIINOI IlPIIILITf, Illt

- Atnom_JllC

- ILIIIIATI011IJW lll_OllJlt

o It'IUlIOIWIEDII IS IINVIIOIOQIT

- lllltllil llg IlllJlll

- ITS IYAILAIIILITY FI_ IIDI-SI'IJ'NII Iq.litS

- llllllllll
11_1C

- _ IF ltltl_l/

- "lml
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PflO..IECTEDSTS LIFT CAPABILITY

• MYU;_ |_OV II

oMIIIAIIV _ f,,ll

oU'A_ ° - _n_

41g_-|J _:0RIqAT10N FI.Y INI_

RF.JIOEZVOUS¢OMPATIBI.E HefTS

Fit|| fILTER C011ylIOLLIli TO IIPIIItAVl

WITHI in THIS ll|GlOll

¢0NSTRAINE0 TO LINE-0F-|IGIII

SIPACl

Sllli|l

Pill PLYIR &Lll sttOwl| li j

Oelilll II llOl miGoom

UNCONSTRAINED TO LINE-OF- SIGIi|

PO||l_rOu_G
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40:17--113

RECOMMENOED USES wITH SPACE STATION

USE

• R EIIOOST

• DE ORBIT
• SPECIAL LOGISTICS FROM

LOWER ALTITUDE STS.

MISSION SUPPORT

• FORMATION FLYING PLATFORMS

• CHANGEOUT PAYLOADS
• RETRIEVEMEFOSITION

FOR SERVICING
*REIIOOST

• FREE FLYING SPACECRAFT
• RETRIEVE/REIIOOST FOR

SERVICING
• REMOTE SERVICING

• UPPER STAGES
sRETRIEVE

TYP. PROPE LLANT
RANGE |LB$)

_EO-IOO
1_0o-4so0
7SO-SOOQ

IO0-_LOQ

)O00.-?OOe

SO0--1000

TYP. NO.

USESNR.,

4-41

0-10

E-10

1.-4

0--4

I

f

TYPICAL CONCEPT

BIPROP OR MONO

Wp _ 7000 LB.

RECOMMENOATI_N

• PlAN AS AOJUNCT TO

INITIAL STATION
• SINGLE UNIT INITIALLY

• EVOLVE TO MULTIPLE UNITS
• SIZE S000 - 7000 LII. MONO

OR BIPROPELLANT

10"

0

;o.

TYPICAL ALT. CHANGE CAPABILITIES

A,,O ,<,

I |" '1 | I i, 1 I I | I nl

:190 400 Ii_ H0 1000 1200 1400 li00 lm

DELTA ALTITUDE ABOVE SJ. OR STS (KM)

I II

tm-41

I I I II I II I I I

SP_ SIIUT11.E UTILIZATION

ISIiUTlrlJ[ CII_ATIIILII'Y _ Ill/YJUICTII]IG IS 8EING TRF..4II[0 AS A PIIIGIilTY T_.

O_ _ STATION/SIS INT1E]IFNT_S
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SPACE STATION ARCHITECTURE/COM:IGURATION DRIVERS

ALTITUDE AND INCLINATION
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ASSEMBLY FROM
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MANIPULATOR MOVEMENT
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OATTITUOE CONTROL SYSTEM (RCS.CMG'$)

o SAFETY CONSIDERATIONS
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0869-13
SPACE STATION INITIAL YEAR

GENERALIZED CAPABILITY TRENDS - PP,,F.L.IHINARY

• POWER TO PAYLOADS

• ¢N|W SIZE

• CREW TIME AVAILADLIE
TO PAYLOADS

CMAN NO MRS/DAY)

• INTERNAL LAG
[OUIVALENT RACKS FOR FAYLOAOG

• EXTERNAL IERTNIRG FOR
PAYLOADS - PRESSURIZEO

- UNPRESSURIZED

• OPERATING ALTITUDE (NAL)

• lOOY POINTING ACCURACy |OEG.J

• RESUPPLY INTERVAL (OAYIU

• NESUPPLY AVAILAIL[ TO PAYLOAD

- WEIGHT IN)

- LINOTU |FT|

MIN. NOId,, MAX,,

oTDRSS AVAILABILITY

(UIN, PER ORBIT)

* COMMUNICATION SUPPORT TO PAYLOAOS

- ATTA£HEO (IASICALLY AS REOUIR|O)

- FREE FLYING {1'10)

• DATA STORAGE/ANALYSIS SUPPORT TO A_rACHEO AND FREE FLYING
PAYLOADS

• STATION BASED TELEOPERATOR PROPULSIVE SYSTEM AVAILAIILITY

• SPACE PLATFORMS IN "F0 RUATIOIr

• OPERATIONS SUPPORT TRENDS

- SERVICING SUPPORTTO FREE FLYERS

- SERVICING SUPPORT TO PLATFORM

- LIMITED LARGE STRUCTURE ASSEMILY

- LIMITED UPPER STAGE MISSION SUPPORT
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0870-113
GENERAL APPROACHES/PHILOSOPHIESEMERGIN_

• INITIAL STATION EXPECTED TO BE CAPABLE OF EVOLVING ON ORBIT AND/OR REPLICATING FOR ALTERNATE ORBIT

OR APPLICATION

• ACCOMMODATIONS OF MULTIPLE TYPE USE.RS,CAPABILITY TO EVOLVE ON ORBIT, AND MINIMIZATION OF COST AJIE

COMBINING TO EFFECT A MAJOR SYSTEM CHALLENGE

• DESIGN COMMONALITY BETWEEN STATION/PLATFORM AND BETWEEN STATIONS AT VARIOUS ORBITS EXPECTEUTO

BE PRACTICAL TO REASONABLE DEGREE

• MANY OPTIONS EXIST FOR EACH SUBSYSTEM RANGING FROM EXISTING EOUIPMENT TO ADVANCED TECHNOLOGIES -
SOLUTIONS O EPEND ON TRADES OF TIMEFRAME. TECHNOLOGY MATURITY. AND BENEFIT Vi COST

5 ,ill-13

• PHILOSOPHY PREVELANT FOR SUBSTANTIAL AUTONOMY. ORBITAL MAINTENANCE. AND EFFECTIVE LIFE CYCLE COST

m

SELECTEDPERVADINGISSUE AREAS

• GROWTH AND EVOLUTION ON-ORBIT - TYPE PROVISIONS AND INTERFACES TO ENSURE PRACTICALITY

• APPROPRIATE UTILIZATION OF CREW IN STATION OPERATION -- DESIRE FOR TIME TO BE APPLIED TO
MISSION ACCOMMODATIONS�CREW LII_tlTATIONS/PLANNED ACTIVE USE OF EVA

• UNMANNED OPERATION OF S.TATION - AS MINIMUM, MAINTAIN ORBIT/ATTITUDE/SYSTEMS AND CONTINUE
ESSENTIAL SE RVICES TO PAY LOADS

• SAFETY -- MAINTAIN ESTABLISHED LEVELS OF CREW AND SYSTEM SAFETY?

• RELIABILITY/MAINTAINABILITY -- RELIABILITY GOALS VS MAINTAINABILITY POTENTIALS

- CAPTURING ADVANTAGE GF "FORGIVING TIME/CRITICALITY"
OF ON ORBIT FAILURE OR DEGRADED MODE OPERATION

-- BALANCE OF INITIAL COST, SYSTEM EFFECTIVENF "e 'IFE
CYCLE COSTS

• AUTONOPAY -- CHARACTER AND DEGREE OF AUTONOMY GN ORBIT AND COMPLEMENTARY GROUND
iNVOLVEMENT WITH PHASING CONSIDERATIONS?

• I.JSER INTI_RFA(;E- APPROPRIATE AND EFFECTIVE TO PROVIDE SIMPLE. STANDARD INTERFACES. IL|INIMUM
REQUIREMENTS ON USER, BASICALLY INDEPENDENT USER OPERATION OF PAYLOADS?

• CHECKOUTNERIFICATION -- INrlrlPL GROUND SYSTEM LEVEL TESTS REQUIRED

- EVOLVING SYSTEM NEED FGR _;ROUNO SYSTEM LEVEL VERIFICATION
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MAN'S ROLE IN SPACE

Col. Jack Lousma

USAF/JSC

pIkl'SltOl.E IN EPAC|

CAPRRILIT||$ ALRE/_Y NHONSTRA_ED |Y RAN |N ZERO-GRAV|IY

G EV*

O aE@&IR

0 PAYLOAD SERVICING

0 RmECISlCm POINTING

0 SCIENCE ANG APPLICATIONE

0 EUT_ O|$£RVRTICa$

0 HANIPULATOA EYST_S

0 I_.JD ICAL/Pm$ ICAL

CONCLUSIOU TO DATE: 6XV[m PmOESRLY DEEICmSD EGUIPP_NT, TP.AINING,

nO|ILITY NEVIC_E° ANO $YNBIL|ZATIO_, MAN HAS ELICCSESFULLY

ACCOMPLISHED ALL ZEmO-G TASKS AI4D mS PSRFOe_D PRODUCTIVELY FC_

LOWS _ATICm NlSSIONS.

RAN'S ROLE In SPACE

CAPApILITIES YET TO || DEP(QNSTRATSD BY HAN In ZERO-GNAVITY

0 MANNED RANEUVERING UHIT (MP_)

0 PRYLOAD/FnEE FLYER EEmVlCING

0 PROPELLANT/CRYO RANDLING

0 ¢ONS_N_IO_

0 TSLSOPSRATQR _UVSNING SYSTEM (_S)

0 ORBIT TWSFER V£_|CLE (OTV) PNEPAN_TIO_ AND OPERATICmE

_: RAN WILL SUCCESSFULLY D(MO_STR_T£ NEW CNPA|ILITIE$

mEGUlNED fOm _ SPACE STATIGN PRO6R_ IF PmlNCIPL|S

LF.AAN_O |N _ P_ ANS NOT ¢_NO_tS£O,
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QUALITYASSURANCE ROLE IN THE SPACE STATION ERA

Thomous J. Adams

NASA, Johnson Space Center

The Space Station era, which will soon become a reality, will offer a new

set of challenges for the quality assurance con_nunity. This new adventure

is based on our continuing efforts as well as achievements in past space

programs. You may be interested in some facets of NASA's quality assurance

policies and how those viewpoints have developed from the Apollo Program

through the Shuttle and into the coming age of the Space Station.

The Apollo Program was marked by the development of many flight products

that had to be regarded as state-of-the-art hardware, notably in the area

of microcircuitry and thermal insulation. Dealing with state-of-the-art

tasks generally drove up costs and forced extensive ground test programs,

whose results were also used to verify the adequacy of the quality levels.

There was more of an R&D flavor on the Apollo Program than on the Shuttle

Program and hence a11owed the final QA buyoff to be further downstream and

to ferret out many manufacturing defects through the use of ground test

programs. This, coupled with the large amount of redundancy, intricate

subsystems designed for one-time use, and the short flight durations, made

the effects of inflight anomalies caused by manufacturing defects minimal.

Also, with the fairly large quantity of hardware procured from subtier

suppliers, NASA and its prime contractors were able to impose Apollo QA

requirements on the suppliers with minimum perturbation. One more

characteristic of the Apollo era that probably helped considerably to

enhance the workmanship and tender loving care, was the fact that not only

was there a better national economic climate but there was also national

commitment, pride, and patriotism. These emotions could not help but make

us, in the field of quality assurance, the beneficiary.

Around 1971 the Space Shuttle concept began to eclipse the Apollo launches

and quality assurance was called on to display sufficient flexibility to

shift gears from a one-shot philosophy to that of contending with multi

missions which had the capability of returning to earth and being launched
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again. New QA requirement documents had to be generated. However, these

requirements, in reality, were upgraded Apollo requirements with one major

difference. That difference was the encouragement of the use of an HV

(manufacturing verification) system -- quality assurance designees from

manufacturing who performed selected inspection functions in addition to

their production tasks. However, the overall program compared to Apollo

was quite different. Much less hardware was being procured, ground test

programs were reduced, and multi-flight vehicles with longer flight durations

were planned. This, coupled with the economic climate existing in the Shuttle

era, made it imperative that we relook at the way we were doing business.

Some of the contractors implemented the quality designee system inhouse

and at many of their suppliers. Other contractors and suppliers implemented

a mandatory inspection point system in lieu of lO0 percent inspection.

A new recognition is beginning to surface in the Space Shuttle Program that

"Quality is everyone's business." Hopefully this will be carried over to

the Space Station Program. The quality organizations are becoming team

members with engineering and manufacturing, with one theme in mind -- to

eliminate nonconformances.

For example, Rockwell International, on the Orbiter Program, has implemented

a concept involving establishment of groups called "Product Quality Improvement

Councils." These councils are made up of management people from engineering,

manufacturing, procurement and quality. The council's role, in selected

areas, is to examine parts scheduled for the next month's production, examine

the nonconformance history of the hardware to identify repetitive offenders

and implement changes prior to start of manufacturing process. This may

result in drawing changes, tooling improvements, planning changes or simply

better instructions for the operators. The council's actions have resulted

in cost savings of several million dollars in the limited time they have

been functioning. Similar activities are being implemented by other

contractors.

With the above in mind, I would like to give you my thoughts on some of the

areas that need to be explored by the quality assurance community as part of

the overall development effort.
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LESSONS LEARNED FROM OTHER PROGRAMS

After each major NASA program, such as Apollo and Skylab, a series of

experience documents, consisting of lessons learned, were produced. The

documents were well done; but, unfortunately, no specific mechanism existed

to assure that these experiences were factored into the Shuttle Program

requirements. It is our plan to develop a mechanism to review, analyze, and

assure that the applicable lessons learned are incorporated into the

requirements for the Space Station. It is also intended that a review be

made of quality implementation on some Earth-bound, remote locations, such

as offshore drilling rigs, submarines, and Antarctic stations, for application

to Space Station. In addition to the Earth-bound lessons learned experience,

Department of Energy activities will be reviewed. Their quality experience

m_y apply to the Space Station.

By using the lessons learned from the Space Shuttle and other entities, we

would hope that costly errors will not be repeated. This will reduce costs

and assure timely progress in the Space Station effort. Our future plans

are to develop a quality assurance requirements document patterned after

our current Space Shuttle Program document, with separate sections for

Earth-bound and on-orbit quality requirements. During this search and review,

some of the data will not be applicable to just quality. This data will be

passed on to the other applicable disciplines for use in their areas.

We also plan to revise the way we have conducted contractor/subcontractor

surveys. Our surveys and those of our contractors are too procedurally

oriented. This is a good approach early in the program to assure that all

facets of the contractor's QA program are adequately covered. Once this is

done, however, the surveys should be restructured to be more hardware

oriented -- to look in-depth at such things as process controls; recurrence

control of nonconformances; and fabrication, assembly, test and inspection

planning. Process and inspection requirements imposed on contractors have

not always been transmitted to and implemented by the technician on the

floor, even though a system was in place to accomplish this. Therefore,

pdrts were produced that did not comply with requirements. The requirement

omission was not discovered until an investigation was conducted following
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a failure. Weplan to emphasize evaluation of on-the-floor implementation

of requirements, by completely reorienting our checklists and providing more

training for the surveyors. This will assure that the technician is being

informed and implementing the correct requirements. Hopefully, the products

manufactured will experience fewer problems.

NONDESTRUCTIVE EVALUATION IN SPACE

Long term exposure of hardware in space will, in all probability, dictate

the need for an NDE (nondestructive evaluation) capability. This need should

be addressed by the subsystem/system study groups with quality assurance

playing a supporting role. Maintainability considerations of the primary

space structures will probably drive this need to a great degree. Two

distinct approaches are thought to be of importance with respect to Space

Station application:

I. In-place NDE for primary space structures, particularly those

manufactured of advance composite materials.

2. Compact and _ortable NDE equipment that can be used in both habital

and extravehicular environments. This equipment could be used for both

routine and investigative-specific contingency inspection.

Many of our current NDE methods may not function or be appropriate to use

in the anticipated environment. For example, dye penetrant and radiography

probably could not be used in habitable areas. We must consider the health

and safety of the crew in addition to the practicality of applying scientific

NDE in space.

A study is to be initiated shortly to evaluate the applicability of current

NDE technology to a Space Station environment. Emphasis will be placed on

state-of-the-art research currently in progress within NASA. Advanced

ultrasonic testing technology appears to be one good candidate for Space

Station use; with the widespread use of microelectronics, such devices

could probably be used with little or no training.
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HARDWARE FABRICATION AND ASSEMBLY INSPECTION PLANNING

I'm sure that most of you have read in the paper recently that our first

EVA (extravehicular activity) test of the space suit had to be aborted during

the STS-5 mission due to the failure of a regulator. Failure analysis

revealed that a significant component was inadvertently omitted during the

assembly of the regulator. Needless to say, the poor company inspector was

severely chastised for allowing that to happen. The facts of the matter

were that the planning documents were so general and the inspection

points selected so vaguely, that it's no wonder he missed the item. I only

mention this to iiiustrate that we must rethink the way we do our inspection

planning for the Space Station Program.

We must be sure that fabrication and assembly planning papers have received

detailed review by knowledgable people from engineering, manufacturing, and

quality assurance so that critical items are identified and subjected to the

necessary inspections. These critical items must be identified using all

available data such as FMEA/CIL, and engineering drawings or specifications.

With the austere economic climate that we will be operating in during

the Space Station Program, we can only assume that less funds will be

available for inspection activities. We must, therefore, rely more heavily

on the MV system (quality designee) and put the inspection points

performed by quality personnel where they will count the most -- on the

critical items. The floor inspectors and MV's must be made aware of the

significance of their inspections. In addition to doing a better job of

providing more detailed fabrication and assembly planning documents, we

must assure that manufacturing verifiers are trained and qualified to perform

those designated inspection functions.

CONTAMINATION CONTROL

Another area of concern which must be dealt with is contamination. This

includes control of particulate and chemical/molecular contamination. Three

general areas of concern are associated with the Space Station:
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I. Internal environment
2. External environment

3. Fluid systems

Contamination of the internal environment inhabited by the crew must be

controlled for the well-being of the crew and to minimize malfunctions of

critical Space Station hardware and experiments. Onboard detection equipment .

must be developed. We have developed experience in controlling the internal

environment from Apollo, Skylab, and Shuttle Programs which should be

applicable to the Space Station.

Contamination of the external environment may be produced by the operation

of MMU's (manned maneuvering units), Orbiters, and other sources as yet

undefined. This contamination could adversely affect optical experiments,

etc. Controlling the external environment will enhance the scientific value

of the station.

Also, valuable information was obtained during STS-2, -3, and -4 using the

IECM (induced environment contamination monitor) experiment to analyze

contamination resulting from RCS (reaction control system) thruster firings.

Assuring the purity of fluid systems throughout the life of the Space Station

is very important. Methods must be developed to assure contaminants are not

introduced into the systems by degradation of filters or by filter changes.

CONFIGURATION MANAGEMENT

A well-controlled system of configuration management exists today on the

Space Shuttle Program. This system provides for: (1) a flight and ground

support hardware namenclature and status system; (2) an interface control

system for hardware-to-hardware, hardware-to-GSE, hardware-to-test equipment,

and hardware-to-inspection equipment interface

recording, storage and retrieval system for rapid access to configuration

details; and (4) a ground-based management system for authorizing changes

to hardware.

C-32



Basically, the Space Shuttle configuration management system provides a

firm base for Space Station configuration management development. The Space

Station long term space operations environment requires adding a degree of

sophistication to configuration management. As viewed at this point in time,

we anticipate the need to have a controlled hardware interchangeability

capability on-orbit. We also expect to see an expansion of the information

and data recording, storage and retrieval system to include accurate details

of all hardware nomenclature, status, and change activities on-orbit,

including modifications, rework and repair, and replacements. Mockups will

probably be fairly sophisticated to a high-fidelity level so that they may

be used as ground-based verifiers of all hardware interfaces, including test

equipment/ground support equipment, and inspection equipment interfaces with

hardware. I would also expect high-fidelity mockups to demonstrate

accessibility of hardware for inspection, test, changeout, and verification

that electrical and mechanical configuration parameters are compatible.

Finally, the requirement for an on-orbit bonded storage capability to assist

in controlling configuration of spares and equipment not in use, seems to me

be needed.

PRACA (PROBLEM REPORTING AND CORRECTIVE ACTION) SYSTEM

The Space Shuttle problem reporting and corrective action system has evolved

from the system used for Apollo and Skylab. Improvements were necessary with

the advent of a reusable space vehicle. The Space Station adds new complexity

with its long term use without return to Earth. This poses new challenges

for a PRACA system; therefore, the Space Shuttle PRACA will have to be

enhanced for use on the Space Station. For example, some of the failure

analysis effort will probably be done in orbit. However, after troubleshooting

to a component/board level, some components will be replaced and returned to

ground operations for further analysis. This will be heavily dependent on

the availability of diagnostic equipment onboard. Some sparing to the

component/board level will be necessary for this to be effective. It is also

envisioned that not all problems will require component replacement and

failure analysis, but that some low criticality problems will simply be

monitored inflight to see if further degradation develops. In order to

assist the crew in problem troubleshooting or failure analysis, the problem
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reports will be entered directly into the PRACAsystem via data link to

allow technical personnel to evaluate and assist the crew with the failures.

Furthermore, a direct onboard link with the PRACA data base will allow a

search for the previous failure history of a suspect unit such that the

findings and actions under similar situations could be evaluated and

duplicated, if appropriate.

MAINTAINABILITY

Another area that I see QA involvment in is maintainability. It's important

that the equipment be designed for ease of inspection as well as maintenance.

QA should concentrate a major effort during the inception and design phase

to accomplish these goals. QA needs to assure that measurable parameters

such as identification of critical items, inspection characteristics and

limited life are established. Flight crews must have access to hardware to

be able to repair, replace, maintain or inspect it during operation. Also,

a concerted effort should be exerted early to use as much common hardware as

possible. Not only am I talking about items like fasteners, quick disconnects,

switches, and black boxes, but other functionally similar hardware that can

be interchanged throughout the Space Station. The correct tools and fixtures

must be used during manufacturing and inspections to assure interface

tolerances between parts are maintained. Finding out that a replacement

part does not fit while in orbit is too late. We currently are participating

with our design groups to support this activity.

qUALITY CONTROL --- ON-ORBIT

In all past NASA programs, quality control has included all activities

associated with hardware from design through launch; after launch, minimal

activity resulted. In Apollo, some quality functions were necessary after

vehicle recovery; and Shuttle required tight quality control as soon as

the Orbiter landing was completed until the vehicle was launched again.

Now, Space Station poses a whole new challenge to quality control ---

providing a quality function on-orbit.
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I would be facetious at this point in time if I told you that part of the

crew for Space Station must be made up of inspectors. I doubt if we can

afford that luxury. However, there will be inspections needed, and it is

going to be important to keep good records of all on-orbit activities,

including quality related ones.

A study task will be necessary to determine the type of quality training needed

by a crew so that they may perform on-orbit inspection functions. A Space

StOlon crew should be able to perform quality functions on-orbit similar to

i_spectors in a manufacturing facility. Fabrication, assembly, test, repair

an(tnondestructive evaluation are some of the anticipated on-orbit functions

which require inspection and verification. In support of on-orbit inspection,

it will be necessary to develop planning and requirements which will not

ni_c_ssarily have a direct relationship with similar functions performed on

E_rth.

Records will need to be maintained of limited life components to assure their

timely replacement. We also need to develop workmanship standards for special

processes being performed in space (i.e., soldering, welding, assembling, etc.).

One area that I would like to touch on briefly is quality involvement, of

both NASA and its contractors, in software. To date, there has been little

to no involvement by the quality organizations in this area other than to

perform an accountability function. Software will be a significant activity

in the Space Station era and Quality plans to participate to a larger extent.

As I am sure you are aware of, DOD has several specifications and handbooks

dealing with both contractor and Government roles in software development.

Under the sponsorship of NASA Headquarters, a draft specification on software

has been issued and is being reviewed by the NASA Centers.

The Space Station Program, like previous programs, has been divided into

four major phases. These phases consist of (1) the program definition phase,

(_) the development phase, (3) the production phase, and (4) the operational

phase. Our plans are to take an active role in all phases of the program.
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QUALITY PARTICIPATION IN PROGRAM DEFINITION AND DEVELOPMENT PHASES

The program definition phase will develop the architecture, configuration,

system and interface requirements and specifications; perform system

evaluation studies; and define the programmatic requirements. This will be

ongoing through fiscal year 1985. As I mentioned earlier, we will be taking

a look at the lessons learned from other programs, and writing new

preliminary quality assurance requirements and specifications applicable to

the Space Station. We will continue to review the Space Station development

documentation and participate in engineering team activities.

The next step in theprogram is the development phase. This phase is

expected to commence during fiscal year 1986 and last for several years.

will be involved here in much the same manner and doing the same kinds of

quality functions as we did with the Shuttle Program. We must be able to

design a Space Station with the concept that it must be inspectable and

provide for ease of maintenance.

We

At the same time, we will finalize the programmatic quality assurance

requirements for production of hardware. We will also be initiating

development of requirements for utilization in space that I mentioned

earlier (i.e., inspection techniques, problem reporting, configuration

management, nondestructive evaluation, and contamination control).

The third phase of the program is the production phase. During this phase

the Space Station is manufactured, integrated, tested, delivered, and

checked out. This phase is expected to last from fiscal year 1986 through

fiscal year Ig90, and will overlap the development phase.

The Quality approach will generally be the same that we have applied in

previous programs. In addition to continuing to support design reviews

and other milestone activites, we will implement the quality assurance

program at the contractors' facilities based on the requirements developed

earlier. We will also refine the requirements for quality assurance

applications in space in anticipation of the operational phase.
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The first launch will be in 1990, with subsequent flights building the

Space Station into an initial operational capability by 1991. The operational

phase will consist of the operations support throughout the life of the

program. Requirements for the quality assurance applications in space will

be implemented along with crew training.

In conclusion, there is a lot of work to be done in the quality assurance

area to ready ourselves for the Space Station. We look forward to it.

I appreciate the opportunity to share my thoughts with you on this subject.

Thank you.
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QUALITY ASSUPJ_CE ROLE IN SPACE STATION DE'VELUP_ENT

LESSOI¢_ _D FRO¢_OTHER PROGRN_

0 REVIEM HISTORICAL DATA FR01_PAST PRO_RANGAND DEVELOP LESSORS LEARNED.

O SESEGRCH ,E.GRTH-ROONDRDIUTE "FACILITY" OUALITY PROGRMLS.

0 SU_ARINES

O OFFSHORE OIL EXPLORATIONAND DRILLING

0 ANTARCTIC GEOLOGICAL BASES

O UTILIZE DATA TO _VELOF SPACESTATION REQUiNEP,ENTS.

O LESS4_S LEJOmEDARE APPLICNM.E TO OTHER DISCIPLINES (ENGINEERING, I_MqUFACTURING,

ETC.) AS WELL AS OU&LITY.

QUACITY A._SURANCEROLE IN SPACE STATION DEVELOP'F_NT

EONTAPilNATION CONTROL

O CONTROL,OF CGRTAPIIHRTION DURING DESIGN, ]qRNOFACTORING, NGSEIBLY, PflELAORCN,

AND 0_GRTIORAL eRASES IS ESSENTIAL. THREE AREAS OF CORCEli_ ARE:

O AREAS INHABITED BY THE CREW

O THE EXTERNAL INDUCED ENVIROI_EDT SUASIOUNGINGTHE SPACE ETATIUR ITSELF

O FLUID SYSTEMS

- INTEGRITY OF FLUID PURITY

- LIFE LIMITATIONS OF ROT# SYSTE]qAND COPPORERTFILTERS

I'IAINTAINABILITY OF FILTERS IE.6., REPLACF,.FEHTI

O IqiNIU EOUIWEUT FON FENGGREJqENT/DETECTIGROF cnlITGRINATIOR III SPACE RUST DE

DETEMINED.

auAciTy ASSURANCE ROLE IN SPACE STATION DLrVELOP_NT

IRONBESTRUCTIVE EVALI_TIOR) IN SPACE

O DETEIqRINATIGR OF HERO FOR IQE IN SPACE SHOULD COREFRaq SUBSYSTEJqAND SYSTEIq

STIJ_ GROUPS.

APPROAON(S RAY BE OF SIERIFICMICE:

o ]N-PLALE NDE OF PR|flARY SPACE STRUCTURES.

0 COMPACT AND FORTAJP_EROE E_IP_NT THAT CAN BE USED iN ROTH HABITAL
AND EXTRAVEHICULAR ENVINGIf_NTS.

NO( HETRCOSUSED IN GRODNG-BASEDOPERATIONS PlAY NOT FUNCTION ON BE k°PltopRIATE

TO USE IN A SPACE Em/IROMqENT. TECRNIDU(S/lqETHODS EVENTUALLY US_ SHOULD NOT

_E CONTA/_INATION _ POSE A HEALTH/SAFETY CORCEGNFORCNEM.

HETNGOS USED TOOAy, OR IN DEVELOP_.NT, SHOULD BE EVALUATEDFOR POSSIBLE US(
IN SPACE,

ROVANCEDULTRAS_IC TECHNOLOGYI_Y lie HOST APPROPRIATE FOR SPACE STATION USE.

GIkI.LITY A.SSORANCEROLE IN SPACE STATION DE'VELOPHENT

CONFIGU_ATION PARAGI_f NT

0 A 5YSTEIq RUST BE DEVELOPED TO VERIFY THAT PART A_ SERIAL NGIERS OF

INTERCHANGEABLEWARE ARE NGINTAII_D.

0 INTERCHANGEADILITY OF WARE IR SPACE STATIGN HILL DE A CONTROLLING

FACTOR. ACCURATE TRACNJNG OF STATUS, PART RND SERIAL IIORKRS, AND

LOCATIGR OF THIS IM.ROMADEIS ESSENTIAL.

0 _ OF INTERC_ HAN_,AN[ LOCATION AJ_ US( IS REOUINE'_.

0 DEVELOP REOUI_S FOR AN INTERFACE CONTNOLSYSTE_ TO ACSUDE INTERFACE

CORPATIBILITY OF DKRNINGS, RARORANE, TEST EDUlFWcNTo ETC.

0 NIGH-FIDELITY ROCK_ SHOULDNE CONSIDERED.

OI/_I_ITY ASSURANCE_ IN SPAC.ESTATION I_I[LO_NT

FABRICATION /_ ASSEMBLY INSPECTION PJJ_qRiNG

IqOSTOF CURRENTSHUTTLE CONTP,ACTOR INSPECTIOR SYSTEfqSARE BASED ON ICO PERCENT

IRSPIrCTIOR OR SERIES OF INSPECTION POINTS BASEO ON THE LAST TIRE SOf_ETHING

CAN BE SEEN. SOP( °IN-BE'IVEER ° STEPS COUt._ BE CRITICAL ROT CRITICALITY IS ROT

BY I NGII_CTORS•

IMSPIrCTIOR SYSTE3PSNEED RESTRUCTURINGFOR SPACE STATIORj EOPUASIZE _ DETAILED

FABRICATIOR _ AShY PtJJInlNG.

o JOINT ENGINEERIN6/gL_J.ITY ESTAJ_LISNIqEXTOF CRITICAL ITE3_S TO BE

INSPECTED UTIL|ZII_ FNEA/CIL, ORANINGS, SPECIFICATIONS, ETC.

o CRITICAL ITEF_ GNIOHELY IDENTIFIED IN Pt.RNNING ROCUHERT$.

O IDESEADED USE OF k P.GNOFACTUMNGVERIFICATION SYSTE_qFOR CERTAIN

DESIURATED INGP_[CTIGN FUNCTIONS.

OIJACITY RAS;NqNICE NDLE iN SPACE STATION DEV1ELOPi_NT

0 A SYSTEIqMUST BE BEVELOPS3 TO VERIFY THAT PART ARO SERIAL _ OF

INTERCHANGEABLEHARO_ANEADE PlAIRTAIRED,

0 INTEBEIMIIGF.ABILITY OF NGRONG4qEIN SPACE STATION HILL BE A COMTNGLLING

FACTOR. ACCURATE TRACKING OF STATUS, PART /_ SP.RIAL BEINGEAS, /410

LDUATIUR OF THIS _ IS ESSENTIAL,

0 RNO4.1E]D_ OF IIqTENGNANDEABLENGRONGDELBEATIUR _ UDE IS DEROISE).

0 DEVELOP REDUIR_3qERTSFOR AN IUTERFACE CGRTROLSYSTI_ TO ASSURE IIITEM:N_

O0_ATIDILITY OF ORANINGS, NANDMANE, TEST EOUIPIqGRT, ETC.

0 HIGR-FIDELIT_ IqDEIOJPSHOULD DE CORSIDEM_,
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mMLIT_ A._SIEPJM_EROLE Ill SPACE STATION 9EVEU)PFIENT

FRAC4 (PI_IILI_I _TI_i6 _ CORRECTIVE ACTION) S¥ST_

I) THIS SYSTE]qYlLL NOR|TON THE VARIOUS _ THAT MISIE, THE /dIALYSIS,

aND THE COARECTiVE ACTION TAI_II.

0 9(TEONIHE UNIQUE REQUIREP_IITS FOR I_ENTIFICATIOR, REPORTING, AIML¥$I$ OND

CORRECTIVE ACTION OF P.ARDMAREPRO|LEIqS OCCURRING IR SPACE.

0 CORqlNICATION LIIIK TO RESOLV1EON-OFJSlT CONCERI_ HEEDED.

IMLITY A._SUIP.ANCEROLE Ill SPArlE STATION _'IELQPIqEIIT

IqAIIITAINNIILITY

0 JII_EETNIJLITY OF SPACE STATION H4.qglM_ Ne FACILITIES _ HE _Slel

CORSIOERATIOR.

ONJ_LITY A_SLI_NICE RDLE [N SPACE STATIOIt DEVELOPlqEIIT

OUALITY PARTICIPATION IN FIIK)ERAqDEFINITION AND ONVELoPlqEliT PIMPS

0 _ DEFINITION PIlAtE

e. llEYIEw LE,%,_ I.FJUMED FAOq OTHEA PROEAAqS

o INITIATE 9(VELOI_£11T OF PItoRtL4FPIATIC QUALITY A$SORJVlCE HEQUIIII_qE

o IIEVIEN SPACE STATION PROGIU_ J_gI/IA_qE/ITS ORCIJFI[JIT$

o PARTICIPATE IA EN6IHEEAING TEAR ACTIVITIES

0 KV1E_T PEASE

o CONTINUED PMTICIPATIOR IN EN61NGEAJNG TEAM ACTIVITIES

o COI_..ETE _TIC OR IIEORIAIgREIITS

0 SUPPORT HESIOR lllk'YlEl_

o INITIATE _1[LOlqqk_ OF SF_CIFIC NGOUIIIEHE:NT$ FOIl 8UN.ITY

APPLICATIONS IN SPACE

INSI_CT ION TECONIOUES

PRONI.£JI IW.PORTlAG

- CONFIGONATIOR IMI_k61D_HT

- iOONOESTRUCTI VE EVACONTIOR

- CORTP/IIMT ION CONTROL

A(:C(SSIIILITY OF SPACE STATIOR _ FOR IIII.PECTIOR/IIEI_I_

RUST lie _ IN THE _SIOR P&4S[.

0 coNqoN-USE HN_IIARE SHOULD liE CON$1HEHE9 IN BEi;Irdl.

QIIALIT_ J_SIJILlllif_ IIDLE IN SPACE STATION _fELOPP[NT

CONTROL ...... OIq-O01111T

0 SPACE STATION PERSONNEL OR-ORJIIT WILL PEI_ONq _ FONCTIOI_L

0 INSPECTION HETHONSMD TECHIIIOOE$ ARE HEE]DE_D.

0 A SYS?EIq I$ HEEDEDFOR P,_I#TAIIIING HE¢_ OF LliqlTE_ LIFE OOWONO_S USE9

liq SPACE SIATIOR.

0 AORIO_$HIp STANDARDSFOR EL(eTHICAL A_D flECI_ICAL FAILqlCATION/_t.Yo

SUCH AS NE_ JOIIIIIIG TECIINIOUE$, ELECTRICAL CAIILE REPAIA, ETC., _NGqA.DDE

PAOVIOE_.

QIMLITY A_LIIIIMICE A_JE Ill SPACE STATION D£YELOR_T

JI_LITY PARTIEtPATION Ill Pllt_UCTION N_ OPERATIQIL4U_PIMSF.S

0 ffl00UCT I OR IMASE

o PARTICIPATE Ill RILJ[STOI_ REVI[IIS

o IRPU_qF.IITATION OF _ALI_Y P(_Au_q AT CONTRACTORFACILITY

- IliSPECTIOR PI.ANIIING

" CI-ENCLI NI[$SICONTONINATI ON CONTROLS

- PROCESS CONTROLS

- MORi_I_AI p ST/illl_Ml_

0 It[FINING G_ APPLICATIONS IA SPAC[ INITIAT[9 Ill BLeVELORRE_'T

0 OPEmATIONAL PHASE

o INPlJ[_,q[IITATION OF _ONItQ3qENTS FOR _ Nq_LICATIONS IH _P_kCE

o ¢11_ TRAINING FOR AS$O_LY, ING'P_CTION, HEPAIIt, _ IMIIIT[lii¢[
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SPACE-STATION CREW-SAFETY REQUIREMENTS

Robert D. Wltcofskl

NASA-Langley Research Center

INTRODUCTION

Crew safety has hlstorlcally been a prlme

requisite of the U.S. Space program. Whereas

crew fatalltles have occurred during training

(the Apollo flre on the pad and several T-)8

accidents), no fatalities have occurred during an

actual space mission. U.S. astronauts have

suffered only trlvlal lnJurles while In space,
but there have been anxious moments such as 3ohn

Glenn's Morcury-Atlas 6 flight during which

telemetry fault indicated that the spacecraft's

heat shield was no longer locked Into position.

Of the small number of truly life-threatening
system failures, one example Is the Gemlnl 8 mis-

sion during which a Jammed thruster caused uncon-

trolled tumbling and spinning (a roll rate of up
to 360°/sec.) of the spacecraft. The astronauts

were finally able to gain control of the space-

craft by deactivating the thrusters and firing up
their reentry control system. Because the

reentry system had been activated, mission rules

stIpuIated a return to Earth, and the _sslon was

terminated 2 days early. Another example of a

truly llfe-threatenlng system failure Is the

_olIo 13 mission during which an oxygen tank on

the service module expIoded when the spacecraft

was 205,000 miles from Earth and on Its way to

the Moon. By Improvising a do-It-yourself air

conditioner to prevent carbon-dioxide poisoning
and by flring the lunar module's descent engines,

the command module and lts crew were safely
returned to Earth.

The operation of a space station presents

many new issues for flight crew safety. A broad

range of potential crew act_-.'_les Including con-

structlu,, maintenance and repairs of spacecraft,
and scientific and applications experiments,

greatly expands man's role In space but also

significantly increases the range and potential

level of exposure to risks by space-flight

crews. A comparison of some of the crew-safety-
related factors of a space station as opposed to

the previous U.S. space program are presented In

Flg. 1. The 90-day resupply missions to a space

station by the Space Shuttle Orbiter, as
currently envisioned In NASA's space-station

studies, would Imply stay times for the space-

station crews which are similar to the 84-day

Skylab 4 mlsslon. Potentially longer stay times

might result for a number of reasons, Including
the conduction of biomedical research on pro-

longed weightlessness or, In the case of a space

station wlth more than eight crew members, the

current capacity of the orblter to carry eight
people plus a crew of two. This limitation ls

brought about by the number of bard points avail-

able for seats onboard the orblter. Passengers

could be carried wlthln the cargo bay provided

some appropriate type of crew-housing volume Is
developed to fit into the cargo bay.

Skylab holds the functional endurance record

In the U.S. space program for a manned space-

craft, logging a total of 171 days during Skylab

2, 3, and 4. Unless It Is determined to be pru-

dent to periodically replace specific space-
statlon modules, the modules or at least major
components of those modules may be expected or

zequ!red to have functional lives of 10 years or
more, a sharp departure from previous manned
spacecraft. Systems and subsystems maintenance

and repair by the space-station crew becomes an

Increasingly Important factor.

As the scope of crew activities Increase, so
do the chances of error and the likelihood of

threats to crew safety. To date, the majority of

the U.S. astronauts have been experienced test

pilots who were capable of Immediate and dispas-
sionate response to emergency situations. The

advent of a space station brlngs with It the

likelihood of crews with a variety of back-

grounds and skills which, wlth the probable
exception of the mission commander, will not

necessarily Include those of a pilot.

The previous U.S. manned space program has

Included meticulous training of the crew for

specific tasks to be performed during the mis-
sion. As the breadth of crew activities

Increase, exhaustive training for each specific

task becomes less practical, thus increasing the
likelihood of crew errors.

Around-the-clock support by a plethora of

highly-skilled ground support team members may
not be economically tolerable. It Is further

possible that space-station crews will not have
an around-the-clock work effort. Both darkness

and quiet have been found to be prime Ingredients
to restful sleep In space. This Introduces the

possibility of a small groundbased monitoring
team durlng sleep periods on the station.

All previous manned U.S. space missions have

had the ability to abort the mission and return

the crews to Earth. Mercury had Its reentry cap-

sule, Gemini had Its reentry module, Apollo had

Its command module, Skylab bad an Apollo command

module onboard, and the Shuttle orbiter provides
return capability. Whether emergency return-to-

Earth capability must be provided by the Space

Shuttle or by a space-station-based entry device
Is a moot question at this time.

It Is essential that the issue of crew

safety be addressed early In the development of

the space station, since the requirements for

crew safety may effect the basic design features
of the space station and Its operational charac-

teristics as well. Space-station crew-safety

studies are currently being conducted In-house by

NASA and under Contract NAS1-17242, "Space Sta-
tion Crew Safety Alternative Strategies Assess-

ment" with Rockwell International In Downey,

California. The objectives of the studies (Fig.

2) are to assess space-station crew-safety
requirements and to assess the alternative stra-

tegies for meeting those requirements. Sub-

objectives are: (1) to develop a crew-safety

philosophy and criteria; (2) to assess potential

threats to crew safety, potential space station

design and operational concepts, and the range of
potential space actlvlty scenarios In order to

identify key crew-safety Issues; and (3) to

assess the potential for various crew-safety
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strategies to meet desired criteria. The primary

guidelines, assumptions, and range of data for

the study are also listed In Flg. 2. Although

the studies are In their early stages at the time

of this writing, many potential threats to crew

safety have been identified, as have a number of

posslble strategies to counteract those threats.
Also identified Is the Impact of those strategies

on space station design features. This paper
presents an overview of the preliminary findings

of the studies. Cost analyses, though planned,
are not available at this time.

STUDY VARIABLES

Assessment of the requirements for space-

station crew safety requires the consideration of
a number of variables. The relevance of the

variables noted in Fig. 3 are discussed briefly
in this section of the paper and selected vari-

ables are discussed In more depth In later
sections.

Threats ° An assessment of threats must

lnclude consideration of the reality of those

threats and the probability of their occurrence.

Thus_ consideration must be given to the tasks to

be performed on the space station and the poten-
tial physical makeup of the space station

ltself. The severity of the threats, such as the

degree to which the crew might be lnJured or

Incapacitated, may tend to dictate how the con-

sequences of the threats are handled.

Tlme- Being forewarned of a threat, and the

time between the warning and the actual occur-
rence of the threat, will affect the crew's abll-

lty to react and their optlons for handling the

situation. The threats and optlons for handling

those threats will vary during the varlous stages

of space-station growth such as lts lnltlal con-
stcuctlon, lnttlal operation, follow-on construc-

tion, and/or additions or possibly the existence

of two space stations.

Number of: - The number of crew members on-

board the space station and the number of habit-
able modules and volumes onboard will have a

strong effect on the crew's ability to handle

threats and the type of action required. The

ablllty of the crew to retreat from a hazardous
volume to one or more functional and safe volumes

Is an Important factor.

Crew-Safet_ Strategies - The potential
strategies for providing crew safety vary. One

extreme would be a space station with sufficient

Integrity and redundancy to preclude any damage

to the space statlon or ln3u w to the crew. The
other extreme would accept the debilitation or

loas of the space station and provlde for crew

survival. The appropriate set of strategies

probably lies near the mlddle ground of these two
extremes. The effectiveness of a particular

strategy In handling more than one or a multi-

plicity of threats is a potentially Important

factor. The co_lexlty of a strategy must also

be considered, since complexity can often In,to-
duce additional monitoring and maintenance

requirements.

Dependence - The degree to which the safety
strategies are dependent upon actlons taken by

ground-based personnel as opposed to the space
station crew must be considered, since this

factor will affect both the ground requirements
(around-the-clock for 20 years?) and the duties,

training requirements, and possibly the reaction
time of the crew.

Status of Required Technologies - Each

potential strategy must be evaluated from the

standpoint of the technologies required to bring
the strategy Into service, and the cost and risk

associated with that technology development.

Impact on Space-Station Concepts - Depending

upon the crew safety strategies which are ulti-

mately selected, crew-safety requirements Bay

have a profound effect upon the basic design and
operational characteristics of the space sta°

tlon. For example, If It ls determined that a

requirement for safety Is a space-station-based

device to permit the crew to return to Earth in

tlme of dire emergency, the number of devices

required and provisions for galnlng access to

those devices may affect the geometry of the
space statlon.

Dollar Cost - Space-station crew-safety must

be provided at a tolerable cost. Some strategies

can be cast aside immediately. One of those ls a
Space Shuttle slttlng on the pad, dedicated to

and awaltlng the call for rescue of a space-

station crew. The cost of providing levels of

redundancy as opposed to the optlon of repair-In-
space by the crew must be considered as well.

Psychological - Psychological health is an
Important factor In providing crew safety. Crew

members cannot be expected to live In a cramped,

noisy, drab envlronent for extended periods of

time and still be expected to react qulckly and

decisively to emergency situations. Good food,
private colmJnlcatlons with their families, wln-

dows for viewing, physical exerclse equipment,

and leisure-time activities are positive factors

for good psychological health. Perceived safety

(the level of safety perceived by the crew) may

also be an important factor In the psychological

health of the crew and thus their productivity.

Crew-Safety Philosophy - Because of the

expected long 11re of a space station, It seems

appropriate to review the crew-safety philosophy

of the previous manned U.S. space program to

detern_tne from whence It evolved, Its compatabll-

lty wlth the goals of the space station, and what
appropriate modifications can be made while still

providing adequate crew safety. Analogous opera-

tions such as submarines, off-shore oll rlgs, and
Arctic posts Bay provide useful information

regarding crew-safety philosophy. A list of the
options for space-station crew-safety philosophy
whlch has evolved from the aforemmntloned Rock-

me11 study Is shown In Fig. 4. The candidate

baseline philosophy selected for that study Is

representative of middle-ground posltlon men-
tioned under the sectlon entitled "Crew-Safety

Strategies."
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THREATS

A list of typical threats to space-station

crew safety Is shown In Fig. 5. Fire, Injury/

Illness, and abandonment of space station w111 be
addressed herein.

Fire

Three lines of defense agalnst the threat of

fire are shown In Fig. 6. The first Is to design

to preclude the threat of fire. In order for a

fire to occur three elements must be present:
fuel, an oxidizer, and an Ignition source.

Design to preclude Implies the breaking of two
legs of the fire triangle. If only one leg Is

broken the space station Is still only one

failure away from a fire. A good design practice

would be to store all propellants outside of the
space station, at least to the extent possible.

The second line of defense ls to deslgn to
control the fire should one occur. Nethods for

doing so Include smoke-, temperature-, and

toxicity- senslng devlces whlch would trigger
alarms and automated fire-suppression systems.
It would be desirable for each module to have the

capability of monitoring the senslng devices In

the other modules. Dual egress routes from each
volume or module would assure the crew of an

escape route from the fire zone. A requirement

for dual egress routes would have a profound
effect upon the architecture of the space station
In that each module or volume would have to be

connected at both ends to either another volume,

module, or a tunnel leading to another volume or

module. A requirement for dual egress may not be
appropriate for a space station consisting of

relatively short modules for which the distance

to the nearest egress hatch Is but a few steps

away.

Automated control of hatch actuation may

also be desirable. Such automation might range

from merely _ellevtng an Injured crew member from
the task of manually closing the hatch to a hatch

closure sequence triggered by the smoke-,
temperature-, and toxicity-sensing devices. In

the engine room of some milltaw ships It Is a

common practice to have automated control of the

exlt hatch. In the event of a fire, sensing
devices trigger an alarm. The onoupants of the

englne room have perhaps 20 to 30 seconds to

egress through the exit hatch before It Is

automatically closed and the englne room filled

wlth an lnert gas.

Flre suppression might consist of a number

of options or combinations of options. One

possibility Is the use of Halon 1301 whlch Is to

be used In the Spacelab fire-suppression system.

A disadvantage of this method ls that toxic gases

are produced In the process of extinguishing the

fire. Another potential option for extinguishing
a flre Is to seal off the fire zone and vent the

flre zone to the vacuum of space. This Intro-
duces several Interesting possibilities. Evolv-

Ing from the Rockwell study ls a concept whereby

deployable bulkheads are placed wlthln each
module. These deployable bulkheads (possibly

Inflatable) would serve several purposes. They

would seal off the fire zone and prevent the
spread of fire, smoke, and toxlcs. They would

also permit the venting of the fire zone, thus

ridding the fire zone of smoke and toxlc gases,
and would minlmlze the volume of air required to

repressurlze the fire zone. Such deployable
bulkheads could also be utlllzed to seal off a

portion of a module punctured by a meteorite.

Preliminary calculations have Indicated that
Inflatable bulkheads would be able to withstand

the 1,.7 psi associated with venting a volume of

a module. If the space station ls to be con-

structed from "off-the-shelf" systems which pro-

duce heat, those systems would likely require
elther cold plates or deactivation during the

ventlng to prevent overheating. Deactivation of

some systems or subsystems may not be tolerable.

Also, If the environmental-control system (ECS)

wlthln a module consists of a ductlng system,

automated controls would be required to shut off
the fire zone from the ECS.

The third llne of defense agalnst fire would
be to retreat to another functional habitable

volume or module and either continue the mission

until the damaged volume or module Is repaired or
replaced or abandon the space station should such

action be required.

Injury/Illness

Both Injuries and lllness will occur on a

space station. An Interesting set of collected

health data from 10 years of Polaris submarine

patrol activities (an activity somewhat analagous
to space statlon) Is presented In Ref. 1. The

major malady requiring general surgery was an

appendicitis, 70 cases over a lO-year period with

an average of 2096 men Involved In the statistics

each year, or 70 cases per 20,960 men years
(0.003_ per man year). For a space statlon wlth

a crew of 10 people, these statistics Indicate

that an appendicitis would occur on the station

once every 30 years.

Resolution of the requirements for a space

station regarding the handllng of lnJurles and
Illness must eventually be resolved through

trades (Fig. 7) between what can be done onboard

the space station by crew members with medical

training and experience as opposed to transfer-
ring the Injured or 111 crew member to Earth for

subsequent treatment. Regarding the ground-

oriented solution to medical problems, one possi-

bility Is to screen potential space-station crew

members more thoroughly and perhaps rule out any-

one who still has an appendix or other health
history ltems of question.

If a crew member must be returned to Earth

for medical attention, the method of return Is a

potentially Important factor. As will be dis-

cussed later, a 12- to 18-day wait may be
required before a Space Shuttle mission could be
sent to retrieve a crew member. The wait time

for a space-station-based reentry device (Ref. 2)

Is less than one day. Though beyond the scope of
this paper, medical researchers (Ref. 3) have

pointed out that acceleration/deceleration loads

and durations for the crew patient should not be

harmful to his or her ailment. The maximum g

C-43



force a nominal Space Shuttle Orbiter currently

experiences on reentry Is around 1.6 g's over a
duration of around 10 minutes. On the other

hand, a ballistic reentry device (Ref. 2) would

experience 1.6 g's for perhaps 3 mlnutes, 3 g's
for perhaps 1.5 minutes, and between 7 and 8 g's

for several seconds. Subjecting a crew member
with a cardiovascular allment or a fracture of a

major bone to high g forces may be out of the

question.

Regarding medical capabilities onboard a

space station, Ref. 1 describes a sequential

buildup of medical capability onboard a space

station. The first phase of the buildup
addresses a single habitable work area for two

persons on a short-duration mlsslon, with the

Shuttle Orbiter docked or In a nearby orbit. One
or mere of the orbiter's crew would be trained as

an emergency medical technician (EHT). Hedlcal
supplies would be primarily those onboard the

orbiter. The second phase Includes an Increased

space-station size, a four-person crew occupying

the station for 90 days, and medical equipment

similar to that onboard the orbiter plus equip-
ment and supplies necessary to care for the crew

for 90 days would be on the station. One crew
member would be a trained EHT with extensive

experience as a medical assistant. The orbiter

would return to Earth after deposition of the

space-station crew and supplies, and emergency

rescue would be provided by the Space Shuttle

with posslbly a 14 to 21 day walt. The third
phase Includes a crew of eight or more. Dedi-
cated medical facilities would resemble those

available In a physicians office, clinic, or two-

bed field hospital. The crew would Include a

trained research physician whose primary duty

would be the health care of the crew. Emergency
rescue capability would remaln at 14 to 21 days

maximum walt time. Finally, a dedicated lIfe

sciences medical research module Is addressed.

Such a facility would be attended by a physician

who would both conduct medical and biological

research and provide for the health care of the
crew.

Abandonment of Space Station

If, despite all precautions, It becomes
necessary to essentially abandon the space sta-

tion for a period of time or return the crew to

Earth In a major emergency situation, several

alternatives (Fig. 8) must be considered. For
the sake of definition these alternatives have

been divided Into two categories, escape and
rescue. Escape Is defined herein as steps taken

by the space-station crew to leave the threat

location. Rescue Is defined herein as steps

taken by other than the crew to leave the threat

location. Some actions by the crew may be

requlred or desirable during a rescue operation.

Escape - One approach to crew escape Is to pro-

vlde a dedicated onboard safe haven (Fig. 9). If

the space station proper must be abandoned, the
crew would retreat to the safe haven and await

either return to the space station after the

crisis has passed or rescue by the Space Shuttle
or some other source. The dedicated safe haven

would require accommndatlons for the entire

space-station crew. Environmental control and

life support (ECLS) and provisions would be
required to sustain the crew until they could

either return to the space station proper or be

rescued. The amount of radiation protection
required for a safe haven must be determined.

Communications between the space-station crew,

the ground, and rescue vehicle would be required,

as would the capability of monitoring the status

of the space-station proper. Power must be pro-

vlded for the safe haven (probably batteries).
Whether provisions should be made for extra-

vehicular activities (EVA) through an external

egress route and therefore not requiring the crew
members to reenter the space-station proper to

perform EVA Is a moot question.

There are disadvantages associated with an
onboard safe haven. If the crew must he rescued

from the distressed space statlon and the statlon

Is tumbllng or cut of control, or If debris or

radiation hazards are In close proximity to the

space station, docking by the Shuttle Orbiter or
some other rescue vehlcle could be both difficult

and dangerous. A potential alternative to the
onboard safe haven Is a ball-out-and-walt device

(Fig. 10) of the type cited In Ref. 4. This con-

cept Is basically a safe haven and would provide

all the advantages of a safe haven, but It would

also have the capability of detaching ltself from
the space statlon and mevlng to a safe location

to await rescue. The requirements would be

basically those of the safe haven except ,dnlmal
propulsion and altitude control would be

required.

Another concept cited In Ref. 4 Is that of a

ball-out-and-return devlce (Fig. 11). Thls

device ls similar In concept to the ball-out-and-

walt devlce except It would have propulsion and
docking modules which would permit It to return

to the space station after the crisis had

passed. By sizing the propulsion module, the

device might also be utlllzed to rendezvous and

dock with another nearby space station. A

special requirement of this concept would be the
guidance and navigation equipment.

If the space station must be abandoned and

the crew returned to Earth, one optlon Is that of

a space-station-based entry device. The major
advantage of such as approach Is the short time

requlred prior to departing the space station and
returning to Earth, typically lesa than 21 hours

for a continental United States recovery. One

concept (Fig. 12) Is the manned orbital space
escape system (HOSES) of Ref. ), whlch was men-

tioned earlier under "Injury/Illness." This con-

cept is based upon a reentry system developed by
the General Electric Company (GEl for retrieving

payloads from orbit. Hundreds of fllghts and
successful payload recoveries have been achieved

with this system with Improvements In reliability

and accuracy carrled to a polnt of 100 percent

over the past decade. As applied to space sta-

tion, the concept would consist of one or more

reentry capsules which would be based at the
station. If return to Earth became necessary,

the crew would don space suits and enter the cap-

sule. On command from within the HOSES vehicle,

the capsule is elected from the space station,

stabilizes Itself, and aligns properly for retro
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fire. Cround tracking initiates the retro fire,
and a three-axis attitude control system main-

tains pointing accuracy. A final pitch maneuver

Is performed to achieve nose-first entry altitude

and then a slow spin rate (5-10 rpm) is Initiated

to compensate for minor e.g. offset. Although
the low spin rate may present few problems, an

upgrading of the control and retro system should

nullify the need for spin. The deorblt module
(Fig. 13) is then JetJsoned and atmospheric

reentry commences. When the vehicle is slowed to

approximately Hach 1, the heat shield and Its

substructure are pyrotechnically severed, and a

drogue chute is deployed to further slow the cap-
sule and assist In discarding the spent heat

shield. The main chute is then deployed, and

locater equipment and a landing shock attenuation

system are activated. Although the present PJ_

satellite recovery system utilizes an "air-
snatch" recovery system enolvlng a trapeze trail-

ing from an Air Force C-131 aircraft, it appears

that a "CONUS" landing, assisted by glide chutes

and autohoming on a beacon would assure prompt

recovery of the vehicle, enhance the pinpointing

of the landing point, and decrease the descent
rate. The glide chute descent rate is currently

2_ feet per second. The goal which GE has

established for its system Is 5 feet per second.

OE has developed concepts for 1 to 4 crew-

men. Also, although the concept of Ref. 2

addresses a vehicle which would require the

donning of space suits, the GE concept has been

utilized in a recovery mission which included an
onboard ECS. On 3une za, 1969_ the Bios 3 (Ref.

5) satellite was launched from Cape Canaveral,

containing the "Astr_nk Bonny." The HOSES con-

cept was used for recovery. The capsule was

equipped with an EC5. The _oollo command module

was docked at the Skylab as a return-to-Earth

vehicle and has been given consideration for a
similar application on the space station. The

Apollo capsule was an extremely sophisticated

vehicie compared to the HOSES concept. Cost com-

parisons are not available at this time.

Rescue - The basellne system for rescue of a
space-station crew Is usually considered (Ref. 1)

to be an unscheduled mission by the Space
Shuttle. The time between the determination of

the need for a rescue mission by the Space
Shuttle and the arrival of the orbiter at the

space station will be a functlon of the stage of
readiness of an available Shuttle system. Ref. 6

addresses the projected turnaround times for
Space Shuttle and the maximum launch rate per

year as currently envisioned. Space Shuttle
(STS) turnaround tlme capabilities (Ref. 6) are

shown in Fig. 14. The turnaround times show with

regard to the times allotted to the Orbiter Pro-

cesslng Facility (OPF), the Vehicle Assembly

Building (VAB), pad processing, Solid Rocket/

External Tank (SRB/ET) stacking, pad refurbish-
mont, and Hobtle Launch Pad (HLP) refurbishment.

Three turnaround time goals are 11sted. One is

the STS-I_, one for the STS-30 tlmoframe as pro-

Jected by the Shuttle Turnaround Analysis Report

(STAR), and a 2S-day turnaround which reflects a
number of product Improvements. The reader Is

referred to Ref. 6 for details. The chart at the

lower portion of Fig. 14 represents a recent STS

traffic model which provides a time reference for
the STS-14 and STS-3O missions.

The maximum launch-rate capability for the
Kennedy Space Center for the 35-day and 25-day

turnaround are shown In Fig. 15 for the capabil-

Ities which may be functional by FY '85 and FY
'87. The reader's attention is called to the

footnotes which qualify the assumptions upon

which the figure is based. Included in the fig-
ure are the reaction times for rescue or the

maximum time the space station might have to
await a rescue by Space Shuttle. These estimates
have been derived from the data of Ref. 6. The

reactton-tlma estimates do not include the time

required to make the necessary software and hard-

ware changes required to reconfigure to a rescue

mission and assumes three orbiters at the Kennedy
Space Center and no assistance from the Vanden*

berg facility. Rescue of crews from space sta-
tions placed in orbit by STS launches from KSC

cannot, based on present STS capability,

be performed by launches from Vandenberg. Assum-

ing that turnaround times of from 25 to 35 days

can be achieved during the space station era, the

reaction time or time to wait for rescue by STS
should be on the order of from 12 to 18 days.

Other options for the rescue of a space-
station crew include the use of a manned or

unmanned device launched via an expendable

booster, with the device carrying either a cap-

sule to provide Earth reentry capability or

carrying supplies to sustain the crew until they

can be rescued by the Shuttle. Rescue by another
space station in a nearby orbit has been dis-

cussed previously. The capability of foreign

nations to aid In the rescue of a U.S. space-

station crew would depend upon their willingness

to do so, their capabilitles_ capacities and
status of their spacecraft, and the commonality

between the docking and berthing hardware.

CONCLUDING REMARKS

Evolving from the space-station crew-safety

studies are some key issues regarding threats,

the options for handling the threats, and the
potential impact on a space station as shown In

Fig. 16. Fire, injury/Illness, and abandonment
of space station have been discussed earlier.

The issues regarding radiation are the amount of

protection required, the best way to provide the

protection, and where the radiation protection
should be placed. Regarding placement of the

radiation protection, it may be sufficient to

provide radiation protection for Just one volume,
to which the crew could retreat if radiation

threats occur. Impact or penetrations by meteor-

oids or debris should be detected and damage
repaired If possible. Detection methods most be

Investigated. Materials and structural concepts
for providing protection must also be

investigated.

As the study of space-station crew safety

continues, the requirements for providing ade-

quate crew safety will becon_ more clear, as will

the impact of those requirements on space-station

architecture and operations. As the space sta-
tion, Its operational aspects, and crew tasks

become more clearly deflned_ new threats to crew
safety may surface.
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Perhaps the most challenging task associated

with selecting the appropriate provisions for

crew safety Is the trade between reliability,

redundancy, maintainability, and cost. Although

the current studies will provide some rough-
order-of-magnitude costs, far more work must be
done In this area, and It should be done In the

early phases of space-station planning.
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PREVIOUS .SPACE STATION

MAN IN SPACE SKYLAB 4---84 DAYS 90 DAYS

EQUIPMENT IN SPACE SKYLAB ..... ]71 DAYS ]0 OR MORE YEARS?

CREWS EXPERIENCED PILOTS MOSTLY SCIENTISTS,
I_IGINEERS, TECUNICATIONSI
NON-PILOTS

TASKS WELL PRACTICED MANY UNPLANNED

GROUND SUPPORT ABUNDANT LIMITED ?

RETuI_N-TO-EARTH YES TBD
CAPAB ILITY

Fig. 1 - Safety-related factors; the prevlous

U.S. space program versus a space

station.

CURRENTOPTIONS COM/V_TS

• CAUSE NO DAMAGE WHATSOEVERTO DESIRABLE: COST TRAM
SPACE STATION AND NO INJURY TO CREW

• CAUSE NO DAMAGE TO SPACE STATION COST TRADE
BEYOND ROUTINE MAINTENANGE CAPABILITY

• CAUSE NO DAMAGE TO SPACE STATION OR BASELINE PHILOSOPHY
INJURY TO CREW WHICH WILL RESULT IN A
A SUSP_ISION OF OPERATIONS

MAY REOUIRE ESCAPE/RESCUE• SPACE STATION REPAIRABLE AND
OPERATIONAL WITHIN A SPECIFIED
PERIOD OF TIME

• CREW SURVIVAL AT EXPENSE OF THE
SPACE STATION

IMPLIES EVACUATION AND
RESCUE, AS A MINIMUM

Fig. 8 - Space station safety philosophy

options.

OBJECTIVES

• ASSESS CREW SAI_TY REQUIREMENTS AND ALTERNATIVE STRATEGIES

GUIDELINES

• DEFINE ADEQUATE EMERGENCY STRATEGIES AT A TOLERABLE COST

ASSUMPTION
• SPACE STATION IOC IN %qqO

RANGE OF DATA FOR STUDY

ePAST HISTORY OF SPACE PROGRAM

eEMERGENCY STRATEGIES FOR ANALAGOUS ACTIVITIES:

SUBMARINES, OFF-SHORE OIL RIGS, ARCTIC POSTS
• PRIOR SPACE RESCUE AND ESCAPE CONCEPTS

ePR!OR AND ONGOING STUDIES OF SPACE STATION CONCEPTS

Fig. 2 - Space station crew safety study

profile.

_/0 FIRE • OU1-OF-CONTROLIVk/[VA ASTRONAUT

• LEAKAC_ • INADVERTENTOPERATIONS

• TUMBLING/LOSS OF CONTROL • LACK OF CREW COORDINATION

• BIOLOGICALOR TOXIC CONTAMINATION V/• ABANDONMENTOF SPACE STATION

J• INJURYIILL_SS • METEOROIDPENETRATION

• GRAZING/COLLISON • STORESKONSUMABLESDEPLETION

• CORROSION • STRUCTURALEROSION

• MECHANICAL DAMAGE • ORBIT DECAY

• EXPLOSION • LOSS Of ACGESS TO A HATCH

• LOSS OF PRESSURIZATION • TEMPERATURE[XTREM[S

• RADIATION • DEBRIS

Fig. 5 -Llst of typlcal threats to space

station crew safety.

DEPENDENCE

Flg. 3 - Variables effectlng the requirements

for space station crew safety.

l ST - DESIGN TO PRECLUDETHREATS

__ • BREAKTWO LEGSOF THE TRIANGLE
• ISOLATE ELEMENTSOF COMBUST ION

OXIDIZER

2ND - DESIGN TO CONTROLTHREATS

SMOKE, TEMPERATURE /.-AUTOMAT IC CONTROL

&TOXICITY SENSIN_ OF HATCH ACTUATION

...... .?_-VENTING & REPRESSURIZATION

tIRE $UPPRESSION_ CAPABILITY

COMPARTMENTATION -J _-DUAL EGRESS ROUTES

TO SAFEVOLUMES

)RD - RETREATTO FUNCTIONAL VOLUMES AND CONTINUE MISSION UNTIL

• DAMAGEDVOLUME IS REPAIREDOR REPLACED
• ABANDONMENT OF THE SPACE STATION IS REQUIRED

FIg. 6 - Lines of defense against fire.
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ONBOARD GROUND

Illl

oPREVENTIVE MEDICIN l!ll eRETURN TO EARTH

oMEDICAL EXPERTISE _ eESCAPE DEVICE

eDIAGNOSTIC CAPABALITY .VIA SPACE SHUTTLE

oPHARMACEUTICALS elNCREASED MEDICAL

oTHERAPEU_ ICS SCREENING OF CREW

f

Fig. 7 - Trade elements regarding the handllng

of injury and illness.

,,*,'

j\o'_J / OSPACE STATION BASED

_ / eECLS AND PROVISIONS FORTBD DAYS
C_ ..>K_, KA_ "WASTE MANAGE/_NT
"K/_'_",__.,_,_ OCOMMUN ICAT ION S

\ y _ _ _o _ OATT ITUDE CONTROL

OMtNIMAL PROPULSIO_RESCUE BY SH

Fig. 10 - A bali-out-and-walt devlce concept.

ESCAPE ISTEPS TAKEN BY SPACE STAT|ON CREW TO LEAVE THREAT LOCATION)

• TO REN_INING HABITABLE VOLUME(S)

• TO DEDICATED ONBOARD SAFE HAVEN

• TO BAIL-OUT-AND-WAIT DEVICE (WAIT FOR RESCUE)

• TO BAIL-OUT-AND-RETURN DEVICE (RETURN TO SPACE HAVEN)

• TO BAIL-OUT-AND-RETURN-TO-EARTH DEVICE

RESCUE ISTEPS TAKEN BY OTHER THAN SPACE STATION CREW)

• BY REMOVAL OF CREW BY UNSCHEDULED SHUTTLE MISSION

• BY UNN_ANNED BOOSTER SENDING UP

• ENTRY CAPSULE TO RETURN CREW TO EARTH

• CONSUMABLES TO EXTEND LIFE OF STRANDED CREW

• BY ANOIHER SPACE SIATION

• BY FOREIGN NATIONS

Flg. 8 - Space station escape and rescue

options.

PROPULSION

HABITABLE MODULE

,- BML 0_1

Flg. 11 - A ball-out-and-return devlce concept.

_DEDICATED SAFE HAVEN

FUNCTIONS/BENEFITS

oHOUSE CREW UNTIL

eRE'TURN TO SPACE STATION PROPER

eRESCUE

OQUIET/ALONE PLACE

ePERSONAL COMMUN ICAT ION S

eWITH EARTH (HOME)

REOU IREMENT S

oACCOMODATIONS FOR ALL CREW

MEMBERS

oECLS PLUS PROVISIONS FOR
TBD DAYS

• RADIATION PROTECTION?

Fig. 9 - A dedicated onboard safe haven.

1 ATTITUDE STABILIZATION

2 POINTING

3 RETRO FIRE

4 SPIN UP

5 DEORBIT MODULE SEPARATION

6 ATMOSPHERIC REENTRY

7 PARACHUTE CEPLOYMENT/FOREBODY SEPARATION (_) _)

-.'-_..-:

Flg. 12 - Operational aspects of General

Electrlc's manned orbitaI space scape

C-48 system (MOSES) concept.
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Fig. 13 - Details of General Electrlc's HOSES
concept; four man capacity•

35-DAY _-DAY

TURNAROUN0 TURNAROUND

qSTAR a_. STS-_O TIM[FRAM[_

ON-LII_ IN FY 87:

) ORBITERS AT 19.8 FLIGHTS/YR. 29.7 FtlGHTS/YR

KSC ILIMIT[D BY 2 VAB (LIMITED BY 3

VAB INTEGRATION INTEGRA110N CELLS) ORBITERS AT KSC)

CELLS

PADS

3 MLPS 18 DAY REACTION TIME R 12 DAY REACTION TIME B

2 Off HIGH BAYS

A CRITICAL PATH REQUIRES 6-DAYI3-SHI_ WORKWEEK: MLP REFURBISHMENT

REQUIRES T-DAY/_-SHIF3 _NORKW£[K; MEAN MISSION DURATION !S S DAYS

B DOES NOT INCLUDE TIME REQUIRED FOR STS SOFTWARE. ETC. CHANGES

Fig. 15 - Projected Space Shuttle launch rate
capabilities and reaction Lime for

space station rescue mtsslon$ from the
Kennedy Space Center.

TURNAROUND TIt_S A, BAYS

STAR 022 25-DAY

STS-14 ISTS-_ TIMEFRA/_) TURNAROUND

Off PROCESSING 17 15 9

VAB IN_GRATION 7 1 6

PAl) PROCESSING 18 13.3 10.3

SRB/ET STACKING 17 15. S lO

PAD REFURBISHMENT 7 S 4

MLP REFURBISHMENT S 4 2

TOTAL ORBITER PROCESSING 4Z ]5,3 ZS._

IN 3-SHIFT WORKDAYS

STS 1MAFFIC MODEL

FISCAL MAX

YEAR 8) g4 15 B6 r/ IB 89 _ RArE

KSC

FLIGHT

RAI_ 5 10 13 15 16 18 20 24 ]0

Flg. 1_ - Projected Space Shuttle turnaround
times at the Kennedy Space Center:

fllght tlmeframe reflected In space
shuttle traffic model.

THREAT

• FIRE

• INJURY/ILLNESS

• RADIATION

• ABANDONMENT OF SPACE STATION

O k_rTEOROID PENETRATION

• DEBRIS ___

ISSUE RE SPACE STATION

• PREVENTION, CONTROL.

SUPPRESSION. AND EGRESS

• ONBOARO VERSUS GROUND CARE

• EMERGENCY RETURN-TO-EARTH ?

• AMOUNT OF PROTECTION REQUIRED

• i_W TO BEST PROVIDE IT

• WHERE

• ONBOARD SA_ HAVEN

• BAIL-OUT-AND-WAIT OR RETURN

• REENTRY CAPSULE

• SPACE SHUTTLE RESPONSE

• DETECTION

• PROTZCTION

• REPAIR

• R[-PRESSUR IZATION

Fig. 16 - The relevance of threats to space

station concepts.
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MAINTAINABIUTY) REQUIREMENTS AND PROPOSED SPACE

STATION RELIABILITY-MAINTAINABILITY REQUIREMENTS

• SPACE STATION RELIABILITY-MAINTAINABILITY

STATE-OF-THE-ART

• SPACE STATION RELIABILITY-MAINTAINABILITY

DISCIPLINE IMPLEMENTATION

• CONCLUSIONS

Mission Analysis Studies

• EIGWr tlr/.sM STUDIES TO k_IALYZ[ THE SCIENCE, APPUCATiON$.
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PHASED MISSION OBJECTIVES AND CORRESPONDING SPACE STATION

REQUIREMENTS. FROM WHICH ARCHITECTURAL OPTIONS WILL BE DERIVED

Space Station Concept

N

Reliability-Maintainability Requirements

Comparison Between

Space Shuttle snd Proposed Space Station

Space Shuttle Reliability-Maintainability Requirements

• INFLUENCED BY PREVIOUS MANNED SPACE PHOGHAMS AND FIVE IMPORTANT
I_)INTS ;

• THE SPACE SHtrrTLE PROGRAM WAS DESIGNED TO RE AN

OPERATIONAL PROGRPJM. FOLLOWING TNE Cq_tlPI.LrrlON

OF FOUR SUCCESSFUL TEST FLIGHTS

• MOST OF THE HARDWARE WAS DESIGNED FOH REUSE FOR UP TO IN
MISSIONS AND I0-YEAR LIFE REQUIREMENTS WITH THE EXCEPTION

OF THE EXTERNAL TANKS AND THE SOLID _OCKET BOOSTERS, TNE
LATTER OF WHICH NAVE A +0-MISSION LIMITATION.

• THE PREVENTION OF PLIGHT FAILURES WAS GIVEN THE SAME EMPHASIS

AS IT WAS IN THE PREVIOUS MANNED SPACECRAFT+

• THE GROUND TEST AND ANALYSIS PROGRAM WAS ALSO DESIGNED TO

PROVIDE MAXIMUM CONFIDENGE FOR EACH MANNED FLIGHT AS IT
NAS IN THE PREVIOUS •ANNED SPACECRAFT PROGRAMS,

• ALTHOUGH IN-FLIGHT MAINTENANCE WAS CONSIDERED IN THE DESIGN

OF THE SPACE SHUTTLE. IT WAS DISCARDED MAINLY FOR HEASONS
SIMILAR TO THOSE NOTED IN THE PREVIOUS MANNED SPACECRAFT

PROGRAMS: I.E.. EQUIPMENT COMPLEXITY AND ADDED CREW TASKS.

• SPACE SHUTTLE REDUNDANCY REQUIREMEHTS FAIL-SAFE AS MINIMUM

WITH THE EXCEPTION OF AVIONICS WHICH HAS A RSOUIRF_ENT OF

FAI L- OPERATIONAL IFAJ L-SAFE.

Space Shuttle Reliability Specification

• PERMITTED THREE-PHASE RELIABILITY APPROACH

• PREVENTATIVE DISCIPLINES (PLANS. TRADE STUDIES.

FAILURE MODES AND EFFECTS ANALYSIS; PARTS AND

MATERIALS; AND LIMITED LIFE CONTROLS)

• APPRAISAL DISCIPLINES (TESTS AND MILESTONE REVIEWS)

• REMEDIAL DISCIPLINES (PROBLEM REPORTING AND

CORRECTIVE ACTION AND GIDEP ALERTS}

• BASIC REQUIREMENTS DESCRIBED IN SAFETY, RELIABILITY.

MAINTAINABILITY AND QUALITY PROVISIONS FOR THE SPACE

SHUTTLE PROGRAM. RELIABILITY AND QUALITY ASSURANCE

PUBLICATION. NASA NHB 5300. q(ID-2), OCTOBER 1575
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Space Shuttle Reliability-Maintainability Requirements

• REUABILITY REQUIREMENTS - IN AC(_DANCE WITH NHE SN4.1IID-;I)

• REDUNDANCY REQUIREMENTS

• ALL VEHICLE SUBSYSTEMS NOT tESS THAN FAIL SAFE

• EXCEPT PRIMARY STRUCTURE, THERMAL PROTECTION,
PRESSUeE VESSEUS - COVERED BY DESIGN IqEATURES

• MAIHTAINASIUTY mEQUIRFJaEHTS - IN ACCORDANCE WITH

NHS ERe. E(ID-2)

• ACHIEVE 16e-HOUR TURNAROUND CAPABILITY THROUGH

MAINTAINABILITY DESIGN AND EVOLUTION OF oPEaATIOItAL

TECHNIQUES

• DEFINITIONS

• PAIL SAFE - THE ARlUTY TO SUSTAIN A FAILLNtE AND RE'rAIN

THE CAPASlUTY TO SUCCESSFULLY TERIdINATE

THE MISSION

• PAIL OPERATIONAL" THE ABILITY TO SUSTAIN A FAILURE AND

RETAIN FULL OPERATIONAL CAPABILITY

FOR SAFE MISSION CONTINUATION

• U_FUL UFE ° THE SHUTTLE SYSTEM SHALL OPERATE FOR A
MINIMUR OF I! YEJUtS

Space Station ReiJabiliw-Maintainahiiity Requirements

fi SPACE STATION REUARILITY-MAINTAINABILITY REQUIREMENTS

INFLUENCED BY THE PREVIOUS MANNED SPACECRAFT REQUIREMENTS

• SPACE STATION RELIAHILITY--MAINTAINAB|UTY REQUIREMENTS

INFLUENCED BY FIVE iMPORTANT POINTS:

• THE SPACE STATION IS A LOW-EARTH ORBIT FACILITY THAT

WILL OPERATE WITH C(MiPLEMENTARY. INTERFACING SPACE

SYSTEW THAT WILl. SUPPORT VARIOUS MANNED AND UNMANNED

SPACE OPERATIONS

• THE SERVICES AND EQUIPMENT PROVIDED BY THE SPACE

STATION WILL INCLUDE PROVISIONS FOR THE MAINTENANCE,

CHECKOUT, AND STORAGE OF SPACE HARDWARE AND CONSUMABLES

• THE SPACE STATION REQUIREMENTS WILL INCLUDE INTERFACES

WITH THE SPACE TRANSPORTAT|GH SYSTEM, ORBIT TRANSFER

SYSTEMS. UNMANNED PLATFORMS, FREE-FLYING SATELLITES.
AND OTHER RELATED ELEMENTS

• THE SPACE STATION WILL BE ASSIGNED AN INDEFINITE OPERATIONAL

UFETIME; I.E., ITS PROVISIONAL AND CHANGEOUT CAPABII, JTY

WILL ALLOW iT TO REMAIN OPERATIONAL INDEFINITELY

AS NEED:; DEMAND

• PAYLOADS WILL BE OPTIMIZED IN TERMS OF CREW INVOLVEMENT

Space Station ReJiability-Maintalnability Requirements

• REUARILJTY RSOUtRetN[NTS - IN ACCORDANCE •ITH NNH SN4.gITBD)

• RSD_#tNCY RIEQtNREMENTS

• ALL VEHICLE SUBSYSTEMS NOT I.ESS THAN FAIL OPEmATIONALIFAIL SAFE

• _WATION&t. STATUS OF REDUHOANT FUT4_-"rlI_HAL PATHS OR SUBSYSTL_RS
CAN BE VERIFIED WITHOUT REMOVAL OF DRU's (ORBITAL REPLACEMENT UNITS)

• NAIHTAIHABIt.IT¥ REQUtRmENTS - Hi ACCORDANCE HITH HHE S_.q|T_l

• CAPARIUTY TO PERFORM MAINTENANCE AND REPAIR ON-_RIT

• OVERALL OPERATIONS NOT SUBSTANTIALLY O(EGAAJ_ BY SELECTED REPAIR

• FAILURE NOD_ AFFECTING C_EW SAFETY OR STATION RU#tVIVAL CONTROLUED BY
CRINI PWEVENTIVE OR _.OItRECTIVE MAINTENANCE

• FmOVIDE ONROARD CRITICAL SPARES AND RARO_ANE MAINTENANCE CAPANILITY

• NFIHITIONS

• FAIL SAPS - THE AmUTY TO SUSTAIN A FAILLmE AND R_TAIN THE CAPARIUTY

TO SIJCC_Pt,q.LY TEaM/NATE THE MISSlOR

• FAIL OFfJllATIGNAL - THE AIMLITY TO I_ImTAJN A F*_UI.LqltE AND RETAIN OPERATI_NAL
_ARILITY FON SAFE _ COHTINOATION

• SYST nu I_FE * AH ININtqNITE OLWERATIONAI* UFETI_ WITH FIOVI_4GNAL Ai_
¢_UT CAPABIUTY. INOIVIDUAL SUESYSTB_ IMmC4q_

A UPE IWITttOUT M,_HTI_AI4CE) OF TSD ¥1L_RS

Space Station Program Description Documents
"Yellow Books"

BDOK 1 - INTRODUCTION/SUMMARY

BOOK 2 - MISSION DESCRIPTION

BOOK 3 - SYSTEM REQUIREMENTS AND CHAJ_CTERISTICS

BOOK _ - TECHNOLOGY OPTIONS

BOOK S - SYSTEM DEFINITION

• SYSTEM TRADES AND PERFORM_CE ENVELOPE

• ARCHITECTURE

• CONFIGURATIONS

BOOK S - SYSTEMS OPERATIONS

BOOK 7 - PROGRAM PLAH

• MANAGEMENT STRUCTURE

• PROCURF,_HT

• COST/SCHEDULE

Space Station Relinbility-Maintainability State-of-the-Art
Major Technology Drivers

• REUARILJTY'MAINTAINABILITT INTEGRATION

• LONG-LIFE ASSURANCE REQUJREMENTS

• SEE (ELECTRICAL, ELECTRONIC, AND ELECTROMIECHANICALI

PARTS CONTROL REQUIREMENTS

Reliability-Maintainability Integration

• RELIABILITY-MAINTAINABILITY BE CLOSELY iNTEGRATED FOR

SPACE STATION DESIGN

• MAJOR CONCERN FOR SPACE SHUTTLE MAINTAINAEILITY IS

ACHIEVING TURNAROUND OOAL IN CONTRAST TO SPACE STATION

REQUIREMEHTS FOR ON-ORBIT MAINTENANCE AND REPAIR AND

CONTINUED OPERATIONS OF CRITICAL SPACE STATION SUBSYSTEMS

DURING MAINTENANCE AND REPAIR

• CHALLENGE AHEAD IS TO DEVISE RELIABILJTY-MAINTAINABIUTY

TECHNIQUES TO RESPOND TO SPACE STATION RELIABIUTY-

MAINTAINABILITY NEEDS

• SOME EXPERIENCE AVAILABLE FOR EVALUATION AND APPLICATION

(E.G., SPACE TELESCOPE)

• SOFTWARE RELIABIUTY TECHNIQUES NEEDED

Long-Life Assurance Requirements

• SYSTEM LIFE IS AN IMPORTANT FACTOR IN SPACE STATION

DESIGN INDEFINITE OPERATIONAL UFETIME SPECIFIED

SPACE STATION

• LONG-LIFE NEEDED FOR SUBSYSTEDS TO PERMIT FUGHTCREW

NOT TO BE BURDENED WITH MAINTENANCE

• SOME STUDIES ACCOMPLISHED IN DETERMINING LONG-UFE

APPROACHES - UPDATE REQUIRED SINCE PERFORMED IN IS'/2

IN FIVE VOLUMES

• VOLUME I * S_Y OP LONG-fJ(_ AESUItANCE GUIgtLINtS

• _ II - 10NG-LIFE AJ_LIRANCi STUDIES OPgEE PAAIrS

AND PACKAGING

• VOLIUME III - LONG-UFE ASS_ STiJOIES OF COtlPMINTS
• V_ IV - SPSCIAL LONG*UFE _ STUDIES

• VOUgME V - UONG-UFE ASSUEAI_E TEST AND STtmV
SECOIREENDATMINS

@
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Summary of Long-Life Assurance Study Summary of Reliability-Maintainability DIscipline
Potential Clumges for Space Station

• PURPOSE

• TO ESTABLISH COMPREHENSIVE GUIDELINES FOR ACH|EVING

LONG-UFE REUABLI[ HARDWARE (lIT2 STUDy)

• SCOPE

• A DETAILED REPORT ON EACH OF THE FOLLOWING

• INTEGRATED CIRCUITS • BEARINGS

r# HYBRID CIRCUITS • ACCELEROMETEa$

• TRANSISTORS • GYROSCOPF.S

• DIODES • TAPE DECORDER$

• RESISTORS • VALVES

• RELAYS • PRESSURE VESSELS

• SWITCNIS • PUMP AND CUIM*RE$$ORS

• CIRCUIT BREAKERS • ELECTRONIC PACKAGING

• TRANSOUCII_ • SYSTEMS DESIGN USAGE FACTOES

• BATTERIES • ACCELERATED TESTING

• MOTORS • ICRSEDING

• TEMPERATUItE CYCLING • DERATING

FJEJE Parts Control

ItiIIJ&INUTY'41_iNYAII4AJIitJTY i ItlLIAINLJTy4LAINTAINAIIUTY i_ITINTIAL _ I
mSCliq.INll MAt S@ACI[ STAyImt

Results of Visits to Space Station Study Contractors

• SPACE SHUTTLE DESIGNED WITH EEE PARTS TECHNOLOGY

OF IE?I'S - HYBRIDS. DISCRETES_ SOLID-STATE RELAYS,

IC*S (INTEGRATED CIRCUITS). AND REDUCED USE OF

ELEGTROMECHANICAL RELAYS

• SPACE STATION TO BE DESIGNED WITH SEE PARTS TECHNOLOGy

OF IN0*S-HYBRIDS. LARGE SCALE IC IS, SOUD-STATE RELAYS,

FEllER DISCRETES, REDUCED USE OF ELECTROMECHANICAL RELAYS

• pROCUREMENT APPROACH REQUIRES CAREFUL CONSIDERATION AS

TO I I=VEL OF PARTS AND CONTROL TECHNIQUES

Spare Stadon Jl_hdlab_blUty

• VISITS MADE TO THE MAJORITY OF SPACE STATION STUOY

CONTRACTORS TO ATTI_APT TO ESTABLISH THE STATE-OF-THE-ART

iN RELIABILITY-MAINTAINABILITY INTEGRATION

• SEVERAL OF THE STUDY CONTRACTORS HAD BEEN INVOLVED IN

SPACE VEHICLE STUDIES AND PROGRAMS WHERE ON-OWBiT

MAIHTAINABILITY WAS AN UP-FRONT REQUIREMENT (•-9-* SPACE

TELESCOPE, ORBITAL TRANSFER VEHICLE)

• THE CONSENSUS FROM ALL SPACE STATION STUDY CONTRACTORS

IS THAT THE RELIABILITY-MAINTAINABILITY CONSIDERATIONS

AND REQUIREMENTS BE FORMULATED EARLY AND BECOME UP-FRONT

REQUIREMENTS

• STUDIES ARE NEEDED TO ASSURE OPTIMUM APPROACHES FOR

RECOGHITION OF THE HIGH DBIAND ON CREW TIME

Con_

• RELIABIUTY-idAINTAINABILITY METHODS REQUIRE CLOSE

EXAMINATIONS (E.G.. FMEA MODIFIED TO INCLUDE

MAINTAINAWl LITY CONSIDERATIONS)

• ALTERATIONS MAY BE EEQUIRED OF ALL REIJABIUTY

DISCIPUNES FOR EARLY CONSIDERATIONS OF

IIUELIABI LIT Y-MAINTAI N Alll LJTY

• THE EIGHT STUDY CONTRACTS ADDED MATERIALLY TO MISSioN

DEFINITIONS AND ARCHITECTURAL OPTIONS AND PROVIDED

IMPORTANT CONSIDERATIONS FOR RELIABILITY-MAINTAINABILITY

• THE CHALLENGE AHEAD IS TO DEVELOP THE NEEDED

RELIABILITY-MAINTAINABILITY TECHNOLOGY TO FULFILL

THE SPACE STATION NEEDS
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THIRD MISSION

ASSURANCE CONFERENCE

SPACE STATION WORKSHOP

Angeles, Cailh)rnis

Juno 7-9, 1983

Hawry L. Woibm_. PhO

_oonr_ oe,,gw, _mma_ c_y
0_v_neum e_cn, ca_0_ma

NISSIOm ASS_qARCF. MSlrdl FM ;q_IIRA|QItI|LIIT

r-"

_---"_- MISSION ASSURANCE --
DESIGN FOR MAINTAINABILITY

IThree Factors to Conslderl

• Performance
• WhOle Along the Continut0m From Oiro¢l

Human Imm_mtion, to T_KqmrItOe8, to
Nemomy Actuated and _ Sym_ne.

to Indepandem or S_-Nealing _,
Do the Mai_ OporaUons Fall?

• Cost-
• ff AI_Uvo Maintenance Approaches Are

Fesaibis, Which Is the Most Colt.Effective?

• Risk-
• What is the Success I_robsbllny. or

Conversely, What is the Risk or Impact
of System Failure?

LO(AT|m_ I4(_( IJm Illn(_Aq([

_T|YIVIII l[I flW_IILD II I_LVLAI

;._r,_'Z',,_,__',.',_Z ,_.,-T,-._._,-_._-.
• t • t t • ¢mt|_

_tm|4. tpl_Y._lIllt _ if lhI i_|lt _tll f4_ MItII4. _ tl&v.4||41ttll 41M 4_oq:kilt_ i_t_ 4_ I

_ plchl_. U_ _ of e tae-i,o_ it_IN|I_ a_ iima_al |atonal te use

Pt(_(l_( O* (llw _ ISIInTI_L TO

S_VL_4 nJssloa _tJ(ct$s

PRESENCE OF CREW WAS ESSENTIAL
TO SKYLAB MISSION SUCCESS

a Assembled and Sot Up Equipment

• Conducted Pro-Opera|hans Tests (Chock|st) of ExperiIt
Equipment

I Performed Interactive Operations -- Reel-Time Display
ancl Data Analysis to Oat•reins Next Ope_tlon

i Management -- Changed Ops Plans Duo to "'Surprises"
i Conducted Malfunction Tests

a Maintain|c| and Repaired Subsystems
• Modified Instruments

s Anelyzecl and Intarproted Results

I Conducted Ground/Space Co|per•live Testa

i Made Visual Observations -- Discrimination

s Oevolope_ "Work-Around•" -- Float Shield, Solar Array
Deployment

s Recovered PayFoedi

I Assembled Large Experiments/Equipment From Pa_l
I Recovered Film
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S_[ P_v;Om SyST_ O($1r_ r_(PY

._..._._'_.9_- SPACEPLATFORM SYSTEM

liil_ i,10T011 IiCTIVIII($

lltutllit lilltlll(t (ill $lliaLiITlC_

i_@ ++como +er+es of _vt+*l i_oyi_c+ t_+t_ l_rlollle<i +n llo+_lllNr liE+? IP.cor!_riled tick+

, ,. DESIGN CONCEPT ......................................................... I ............

lllil/inl lille

Th.m., Sy,,. _] _--! . . ,Cold Piat, . .+" _. -*'*U "'+" "i":.4_ ,, ._" _. _._ ._, " '-

1 ",_.. .. " "_ uu,t,p_,t - :r .+ ., ./,
l 1 11 .i £"7_-. +,+,o,o . " . _'+" ._++.-'_

ip +__._. Pointing . t
Rol_lost __ .I '// / +_" P" "_ (') .. +''+ ' , ++'_

M oilill . -'-+_. +- ]

.<it . SEPST+_+:z ]. _*-_._3J_l_i!.,- _ ,. _..,-_,,:- i.

-_r ,_+_, I, "-_,_"_-"t"_'_ " + ",

_OMS k_lllllil'iOnl_'_ +._ _i_,lliilid i l _/] "
V Altitude ronllol

Sysllm I /
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CANDIDATES FOR EVA ACTIVATION

/ ,!'-. _" ;,_\

X[L_I_ r_ll_S OBTXnlZAIIm ST_

• e ;,t_ t- • n f

it) _! L_ _r i( I¢_Aii r_i_ LO Icttvlil |_ I_LH Ill_q_ll pd

(z} pr_ldw for t lie p-g_ql_t fepllc_L O_ _rvsct_ 0_ lit [¢111¢41 CmIIte_ts.

_ir,9 tP_e_¢_r of ic_4nltm r_vlrtn_ rlmatol_ ¢ontrollN i¢|lv4ttp w_|l _t

(al_ teC_lH _t4l I;_i_ rgll_llt_ _t cwll sl_lYlc4_tll rt_4 Late¢SSII

el4_,_ts, Also t/_ I_lSttcS co,Is of r0pllcli_ el_A_l _ tO f61|m_l CeCIl M

_*ovolv4Llea of t_ kestc ill_ conchs i_1¢1_ tlt4t _7 _c_t_il 4_ olectr_-

,UKaW_C_I _t*ccte** c_le _ *cc..mN*t*4 _ aml_ lP sgl_iftc mst_s.

MECHANISM FUNCTIONS
OPTIMIZATION STUDY

Pay_ ROI411On

j Total 7

Op.ntatlo_

sh,w

.i_ _._

pa_ P_ Laleh

t .

launch PncUglnt

Item 0q

KU An_ kl

R_lor b/_h

S/A _h N_I

*X Pay_ P_

__YPay_ Port

Leg $_a_

_2 "_[27 FunctionsI

[ IJ

IN,c.1 c_4*e*_i for [W sm_lqemt_t|a_, prw_i4 t_t _4 _m-fttlit _t0.aigl ts

tom 11_I,1qi_t_t_t_ wt,. _r_q tn_ t_ c_f_r*$_ _ N_tm imtt _

te fel_o_ er st_ o_i_lt t_ amos te_9 of t_e t4_ pl4tf_ (mr I_m). If

i_liq_l_t ms to meevtlll_ll_ ectlHte4 P_ rite ¢liio_I. • i_lle_IImIIIW

er,_N ,_ i_ _ @_l_e A_sast ami.le (p_) iot_ mrt_ittw told Im _ to i_lO_ or

_trKt t_4 Wort_tq I_t, A _toll (_t_liN _Dltrltlt Ill(& m14 41_ _O N_lf_4,

If dIIlll_kI_&i_i to _ inl 4¢1_I4 tb_ EVA o II_b t_lI_r ilt_ lid M

N*S_DI*.

_,_ PAYLOAD BERTHING PORT (X-AXIS)

Doploy and _r_

Auto _ _"t_.." Actuator
LnlCh .,. _._

Rem_loly Act ualocl

.._.:_
',
_. -._,-_-- ',._-_

_strmint _.

Lock

_nuafly Actuat_ (EVA)

_ymont Procoes

Tkl _ Pletfn oft **_l**a I*_t t*o e01._4 *_ mt.._ _ 0.UN t0_t Stt/ocU

S.¢UnS,.II_ _ ||ill t! til li_C Illt_PIl Ili_tKl SIU|III0n FKIIt_. r4_m.ei|s _ le=4144
as t_o rote str,_Swl so I_t tuw cI eerie "Nit" tawPert te tie Is_lelW o_ sUnum

tort*am i*ta ! W_4 qm t_ pl_ strwiv_ *i I_ street _ ,WCtlq _ N lie

*,,m4_*01s. _ s0tePO_ =*I *._tN tt, cI I*t4_N _tP-p_.S S_ I_t toe SlMS _mS_

w|em Nttttm. I_ m o_ wltls .l*10mt_ ¢_ u_wi¢ fer • riot mcret,_ plecfe_.

at_er4t,q t_ cw tee fW I_ mt i_m_ev| tte _*i_sm. Tawt* _otsoms ve_

pe_fo,_v t* less IUt_ $ m*etcs *w iflnr • _.._e_¢lt,I ut* test It_J_I fort |_*t II*s ws
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EIY_4'lk_,d"'r - - _ ,,,qj_" "_,'_,_:V,_v_'LqI

<. ", c.,_' ,'!. , ". "_. L, . ., ..;jrN .... .

_,,__ EVA VS MECHANISMS

• Reduction of AutOmatic Mechanisms

• Forward Launch Support $133K

• Solar Array Launch Latches 1051K
• Radiator Launch Restraints dJO1K

• + Y and -Y Berthing Port Mechanisms 266K

a Aft Berthing Port Mechanisms 344K

• Antenna Launch Latch 211K

I TOTAL COSTS FOR 15 MECHANISMS = $2406K I

• Manual Activation to Perform the Functions of the Above-

Stated MIchanlsms Involves 2 EVA Crewman Approximately

2.5 Hours Which is Well Within the Capability of

EVA Operations

$60K-100K, Depending
EVA Costs (Per EVA Crewman) : on EVA Support Equipment"

$60K X 2 Crewman _ $120K I$100K X 2 CREWMAN = $2_-------_

"Per MMU Users Guide, Martin Marietta Report MCR-78-517

(Contract NAS9-14593)

to _¢_Ipll_a [Iectrop_e_l$ (Y_e_tz_$ t_ $p4¢_ l_e Mevel_n t pl_ Zn_l_s prO(is_

urutlt_p_ i_$t_ JG_ 4n4 Jor_o_ _i_ te_ed .itfl 14_[, _tt_ Ihe _sp4ns_Ie_lt 7 %e

' ;.'._,,)t":'_ _' h," . ' ,' CONTINU_US__<.-. FLOW, ELECTROPHORESIS

/'" _ - _--" *" ' I

£esz$ e_ t_ (eslgn. _l_t, IwNvc¢_¢* _4 _llfltatl_ te_ttn,_ of _¢_ of the is r 1

..................................................!::-l!i':

...................................................... ., : l-/'!./ ...... "J i

................................................... ' i.- '_ ,"IL I 1/_.-:

st,tlC_ c_rge of $40.000 _e_ I_vr. _ ae_,_ed _e tr.e _ece_tl_ c_d_leted 5_a¢_ 5tdtv_
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CANDIDATE PHARMACEUTICAL PRODUCTS

I Typical Products

Antic
Y_l Vm a_lS

FKWI

_ S4mm_

Im

_Mm

Ly_

12 TYPICAL

Beneficial

Medical

Application

SmlmySml_

Ikons

_som.i

V _1 lel_-Imnl

V_ II ta_ct_l

Wmmm

Scm

II0_l Clell

Function/Status

Annua_

Patients

(USA)

|SO._

 ..EOU,REDPO.:i
• OoplOr men tfIqe pllclnsln I

• •uppeytReluPely

• Mail•nine•lille=mS

• ProduCt Chahtle
• Sequential MultipfoduClS

• Live Cell Hendlin 9

• Feslo_ Product Doveloi_n4nt
• Now Product R • D

Fist Response to Emergencies R E DI
e In--It ve Solutions

EOS OPERATIONS

MAN DESIRED FOR:)

• Access Oullertn 9

• Lower System Cost
• Reduced Product LOSS

• Reduce4 •ystem COmplexity

• Simpiihed L_ishcs

• S_mpl;hed Producl Storage

• Increased Protit Margin
• Ealler Starthzll*on

• EIsler Duality Cow, trot

• Easmr Mamtatnab_iitylLeak Oat•then

• EIsl•r SrSlefn Diagnostics
• Mlmmll Oown T,me

• BOICh Processing

• Product ASSays

• Man is the Only Reel-Time System Capable of Accepting t
end Operating on Asynchronous and Nonsequentiel I

Input Dell j

• The Overall COSt end Effecbveness of EOS Operations Will
be Directly influenced by the Level el

end Productivity Human nvo vement

o. st_._ t_ ._,_t ... ,_.le_ .n _. =,o_(h o( t_ O._,t...no .•_ .c_e_tDle

_-,_--_..'*,-_ EOS MIDDECK SYSTEM

Jomt Endeavor A_Fetmenl

STS Flight Dales

4 July 1982

April lgli3 (Completed)

7 June 1983

8 Augusl 1983

16 July 1_J4
12 Me¢ch 1984

Results From STS 4

t Void there|sad SO0 Tm_es

2. Re_el/bte Ouanttlltive

Separebon DemonslraleO

3 EOS Design Concept Vahdaled

4 Value Manned Pectic•pelion
Conbrmed

_,_.,n,,,,) I,,..1,,_,_. I o' _0_ ._.t,_. "••bet p.oj.:t,o_ s_9_*_l t'_ :_e NrLft

EOS HUMAN OPERATORS ACTIVITY
SHUTTLE MIDDECK TASKS

._._.,_'_3."'_ SCHEDULED OPERATOR CALLS

Perform as Power Loadmasle_

• Cycle Power On Oil as Required

Change System Operation

• S_art Slop

• Zero Che¢_

• Process $_mble

• Collect Samble

Take PhoIographs ot Column

• Requ*reO t4X Each Day

Process Ma.nlenance Svrvlce

• Change Sample Input

• Change Collection Trays

Product SIFeam Detection

Five Malfunclions Occurred

Durmg the STS-4 Flighl. Four

Process Out-of-Range Errors and

a Mandatory SIop_Resel,'

Restart Software Problem.

These Incidents Coupled With

the Limited Ground Link Indicate

Thai an Onhoard Mission

Speciahst Would Significantly

Increase the Eltic=ency of EOS

Operations on Future Flighls

• Observlhon *s Possible bill a Ftlg_ly Sk_tleO M_sston sD*,ClaItbl *. R,'Qu,re.._

to Recognize an¢_ Inl_rpre_ PaU(-,n iI Oy*. ,_ NIl Inch,oe(_ W,m Ihe _•mpl_
Cur,enl Astronaul T_a*n_ng ,s Insulhc.enl lot Ettect_ve use el *ntormellon
Obla*ned From Column Observ•lion

• Shullle L,n_ Io G,oun¢l Base¢l M,ss,on SPec,dh=l Lacks Adequalv Banawiolh
Io, UsetuJ Inlet•el,on eelw_en A_lronaul,rs ;,ha G,ound
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TVPTIEAJ._d_lJ_(r'I_M_tUTI(J_L PILOTPLMT

I Raw Pa+amote_s +']

Total Opm+attn9 Time
Total Numt)er of CPU

Operator Calls
Scheduled Cilia

Unscheduled Calls

Total Number of Key-

Board inputs Required

Scheduled Calls

Unscheduled Calls

I Averaged parameters l

Ope_alo+ Call_l_our
Scheduled Cilia

Unscheduled Calls

Keyboard InputlJHour
Scheduled Calls

Unscheduled Calla

Oberotor Call Response Time

STS-4 EOS OPERATIONS SUMMARY

28 June 1982 30 June 1982

8.5 Hours 8 Hours

27 28

19 22

8 6

99 83

48 72

$1 I 11

I

3 I 3
I

1 1

15 10

3 3

6 2

27 Sic 43.7 So¢

I Manned Presence Essential to Reduce Risk of Failure ]

_.___*_(- TYPICAL SPACE
PHARMACEUTICAL PILOT PLANT

(Manned Involvement: Circled Letters)

+ + ll_l_mO ClL_ m +nlt ;LOW I mLI41OIIATO_Y ILlcrmllls +LI:CTROItlHOIIiIIS _U'[IC, AI._

@ ®

[ ®f-"°

I-- 7._T_,--+--J_.,+,,
i U_LTftA IL IOW T......... r / _,_+ _

18.( Of Ill in _101Zl_Sl. lql0¢ts_ 0(V[LRII MID 0P+lilUtl011

stills tlmt¢lll; nl4m • W ¢0 _ _l lrslm L41 i_it_*l ll_4flttlll prllcetk t* II_ FtI_I

btlvt.

ROLE OF MAN IN UROKINASE

t+rlC_. T|I_LII_ tr0_ Iq_*JII4C(UTICJ_ PILOT_ _ CIIU 0PlIMTIUlS

--- TYPICAL TIMELINE PHARMACEUTICAL

PILOT PLANT AND CREW OPERATIONS

PROCESS DEVELOPMENT AND OPTIMIZATION

-----* _. ---* ==. - ,.JtCT --'--*""="--

-" ".:T.+.,.mm _ IAll T m m m

;_ ....... ,IASmt -- -- --

++" II I ''
m . _,_+. _ a--m*,**-, m.* (_ Thaws CeM Mlxlure Iml S411MI ill Ell¢l_r_llM lull_r Iklk*tlm_

am;;+' .
_" _ OIIP.II_II UltwlfllH Pr_ll. Celndhl0411 WlltlaHI Celll • MUII_ Ol

(> °--°'°---°--'--'--"_CTIVl _) TrNsge_ Cell Colonies to PIO4uCUOn M44klm incl. Allel AIIIIImlklNIIIb /
:I0 0411fli, Removes CtMMI by Clmllillq_llm_

r SAt (_ leelflllll Phllmlll(_Uli¢4n FlOra P/O4v¢liOn Mlidkll_ Vlll Mllhle

m:mm+*- _ 1 + IkrolDIIillle.ll+.L*l_klChlOmltoSlll_y _lTs_.imclUIWlllSlmll_l_l

_) l_lltles _ llltlm_ll(:itlli¢lll in_ Stoles

i
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_TIAIeUTtS O_ P._'L_EO SPAC[ $_A_lOm

"_="_'_'_ ATTRIBUTES OF A

MANNED SPACE STATION

s S¢l_¢lule Compression -- Reduced Cost sod Risk

s Combines Best Features of Unmanned Fr_-Flyer and Sorthl

Mission, e.g.,

• Onboerd Step-by-Step Development Sequence

• Less Automation

• Reduced Cost _ No Free-Flyer Support Subsystems. Fewer

Shuttle Launches

• Common Support Equipment

• Unlimited Data Gelherin s -- Test Conduct Time -- Flexibility

a Infrequent Event -- Seasonal Coverage

• Flight Crew Cepobilities --

Modifications Repair Replacement Assembly

• Visual Observations

• Reel-Time Sensor Adjustments

• Analyzing Data FMcn Responcls Creatively as I

• Pointing Control IUnanttcipote¢l Events or I

• Targets o! Oppc_rtu_y |Problems Arise |
• Failure DlagnosisRopair

• EVA for Structural Assembly -- EQuipment Adiustmonls

• lleretive Operations

• Lseming Curve Benefits

• Contribution of Man in Space is Historical Fect

THERMAL CONTROL SYSTEM RELIABILITY

lDesignFactorsJ

a Critical Subsystem to Mission

Success

a Utilization of Working Fluids

a Moving Parts -- Valves, Pumps

• System Vulnerable to Leaks

a Sealing Disconnects Required

for Replaceable Elements

/I /

m_nta) •

/ Avg _le_, y

1 2 3 a

TkI_ IYr)

*tO. , Slrt_l/kl_e. RKlilt(_, H_St |lchl_ser

=_--=_-
DESIGN AND DEVELOPMENT HERITAGE

P_as! | S_AC[ SVaT_I_

_ _ _ _l_,--,..o?_..c,,,.,,,-::,

I..'%. I i......... , c,:.:........
¢iTfl{ FtR NUmAI (IGRG DElhi 14_1i I I.... .....i

-.
IT_Ut_ , nmr_ PARLOUS

, _ , I I r _1 | I I n r J i _ I i I/m I I 1 f

CAkllmAI ¥l&l

SPACE STATION m MISSION ASSURANCE

• Goal is to Provide Safe, Reliable, Long-Life Systems at
the Lowest Possible Cost

• Dependable Transportation and Operations Essential for

Commercial Development in Space

a Issues to be Resolved include:

• Design Philosophy
Optimal Role of Man

Modular Growth Versus Custom Design

Safety Criteria -- Dual Egress, Lifeboats,
et. al.

Design Approach to High Reliability

• Operational Philosophy
Value and Role of Ground Simulation

Locus of Mission Control -- Ground Versus
Space

SPACE STATION HERITAGE

I_! ¢tm sml_tAro_t I

llr¢ _hl¢l i I inSTil LA_I¢ILAI )
/ I_pI ml,¢! IrrAla4m I

] _ '1 - - - i iLAUICN 14 i_ rl_l li._lO t I i_ _ tl_
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I ON-'ORBIT _ANCIE/81_VlC_G I

_IMmTATOOa TO

XlMIONAMU]LaNCJCONFImF,NCI

IWACB lrrATION WOIU[JllOP

, J_ tin|

sp_ StSTllS mvmom
tmCUS_ mm_m * sl*_,a CmIPA_

s_vA_. CAUPeamA

AeEIgM

IITING OUETIt_

I 1. INKLUWmlLWT_ZCILgTIqS_I0ma_mnWLLBa

_tCTIm _LIDCmml_i

a _lMirr NI mULmmmv tmxmwrs ml all alMEV

Tm IWtCl STAVm

DTAIUSHINI 114[ NED _il 011-OINIT M]_l¢lll_

I_l_dl APMIOA_H

Urn/

_U

I

.... _._-._ "_..._ _--'--

I
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_[SlGN ff._TUllES

_'w._zom_mem

| HIlT |_ H| VSl| | J

/YPICAL I_l PId lllG 4 IIIEI) ¢_lS liBA_

i. w&si¢ Mu IN&TALLATIOU _ _ LiITllACTm

i. Lo_s To mt on I_1,c mm_lll M m

t. TNIm_ i _ I_TDVl TO ITrc mm _mT Cau_l_

imX_TT TO P_¢ *TID _n!

T. _ _ VSmTNm * JmmCJAl_ aTTINUATm

•. _ returns ccoL_ _ m01e) ma c_L_aotrr grim

i_ almla oF CaAVn'T *rap UAUlS AamLUlamS

i*. mTAL_ I IREVML mTUUI mR I_m cam Am em._ml.'r

it. _L_I41m_ It_l_la_ s t iI_ - _ITt'm_k¥ I_ OW-Q_MT IUe

iIs. _rc mm_l|_rr vs Nmowu. m_cas _ccn_ m_m*_

i_ _m._ATIIL_ DA_J_i m_la_T t_ g_ilOi_ CP_mm_T _m-_im T

i_*, ,_c. UNOVAL _TUmlS _ a_ vo N ,MrI"T_

ii, _l_uiP _)¢_s/_muNis/I_GOTI U_ON_ | UiIINAT m

_S_ Fmm ¢WUI_

CHMIGEOUT I_.M I_ WITH S_

TYPICAL

L mu_ul_ _s*¢_ s_r_ _s

i.

*. . . .

T.

L

L

L_I I_mV qP0mlmOLtTamal
i . Im_ImmALLmO0mI._AaSAL_t_Tg_CTOI_

IL cai_ TITUmIO_

mW
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NSIGN f_U_TUiI[ APPLICATION ANO TYP DOC_ATION SPACE S_WIC |NG AHO !}4[ $ PACE STATION

IIIRUB_ ING S PACI_CIb_I_ Oil| ITAL LIOIdGL_f |TY
SPA_E S£RVIC;NG AND TH[ SPACE SMTION

ICOmtNU_O_

114[ ULTI_IT LIlT SC IDI_(S I_I_H _U_IUTY
SPACE STATION _ i kT[_4NC[ - I I(r'EJ_
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STATION _ ikT[f(H4NCE I SSUq[$

($ULCT[O)

Ii. BASIC IIIOIGI[IIOUS STAYIO. SUII-$ysTEN IIEUAIhLiTy

C. _VRL OF F*ULT *lO_TIO. M**O mITCCTm.

0. t:VIL OF O.-I_0 UAaUTI.A.Cl

Es AVAIt.A|LI C_l_l T*m _ S_OC STAT*ON **"UTI*_*Ci

P • .F S A.IS P_*LOSO_ M.D A_OAC

C. COST,_ mPLtCATIO_

SPA(;[ STATION #MINIE]_NC[ - PIIOJLrCT EARLY _TART

SPACE STATION MAI_[_NC[ D[SIGN PIIILOSOPHY
_IA|ILI_ _ _I_AI_|ILI_

C_l _|ON TO SPACE STATiON AVAI_|ILI_

SUI_SVSTI. A_RA*.C/.m.I"
rn_A.CT_

_T U_SS_ CR*T0CAL _Tm
C.nAap_ _C,,la,WA

SPAC( STATION/MINTENANC[ DESIGN _ILO_

IC0NTINU_O) LGGISTOC

A. t_s_cs Loam As •

_tmm_

_. STS I._L_C_ VOt_T _ _lmT m ITATm'II. _m_'_r0_ _.

|1.
,. It_¢
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SPACE $TP, T¢OI4 t4AROWAR( (t.[ME_

=-.._....... ,.__ :.-.._...-"::.

$i'ATfON Ri_LIMAII_'T DOCUAq[f_IATIOfl_AMfLIARIZATION $CH[,M[

STA mllOS ATTmII_TtS
+'+D _C_TLCTUWAL

co._lAc_s i*,s_ • A_lom
II

IULTI -¢OkTIIA¢_OII )

WILL IHE_( BE A REL41",Ai NT il(QT DIF'FEI_JC[ ?

LEL,U_t t.L'Vrd_ COI4CLU_ tOII$
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T,'_W ""-"--
_ISSIOII ASSURN_C£ _RKSHOP t_w_& DASELII_ SPACE _AYFOP_q - (WE_ALL S|Z_lltW _ 6

m

S[$S|ON I) R[_.|/_|LITY/_kIN|AII4ABILI1_

SPACE PLATFORP_

R.E. S_#P_[S

8 Ju_( 1983

?

: o,lallsmm m F[[lr

- - - _sA SPACePLAYFONn/

_v,_ SpMceSTATION_L_TERStUOmES

SPliCE PLAITmm (SP) _C

III1_:

p_tn nOOULE

25 _ PDA_ _Tlgq

SYSTETI PUITFOml)

PI_II F..XTFJISIONPJ_CKAr_(I_P) R&_.IJSC

SPA_ O_DATION$ Q_Ifl'ER (SOCI DA_A_J_C

WVdqF.9 SPACE STATION IMDA/HO

_ miemmm
nwm_e
1oowSeem&

T_W _.._.-'-- .-.;._;
tlIwsI_II ON-ONBIT _I_I_MION - _p_.E PUIIFOM

_1[1((( JMlOAPPLICATIONS SPAC_

P4..ATI:I_ ( SArsp)

SCIENCE AI APP_.ICATION$

S_( PLA_OIM (SAnSP)

I_D SPliCE STATION (RSS)

_I_Y KIT FOIl ,T_tlI"TLE_IIITER

IFlT[_(R TO PERRIT ONBITER TO

E),TENP ONBI|J_. STAY TIRE FRON

7 1o 21 DAYS

SPaS STATIOn Im'EX_D AS L£O

mSSlm _FmITION stuel[s

CONsSJ[I_ IR I_Rll. )_J_

SPACE PLATFON_ R(OUIREFlENTS

en_
IRW_el

.'3"I'W
FAILURE O[tECYION, ]SOLAtl0N AI_ CORR[EtlOII

• CAPABLEOF 0N-ORBIT PAYLDAD EI4ANC_-OUt AND PkqlNT(IIANCE

• CAPABILITY TO B£1_THVlTH ONDITER FONPAVEDAD/SP NDIIItEIMW.E

• CkPMiL[ OF ON£1tATION IN ANY LON-EA_t1H ONIHt

• PROVIg( CONTNqlIMTION-FREE [NVIR01g_MT FOil PAYLDADS

• L"O_.Y MITH STS SAFETY _OUII_I_IIT$

• INC.ONPOILAT[SllqffiL[, COST [FFEEtI_ 6RONTH (JkoNIILITY

• D[SIGN ItEOUII_EIIV(T$ C_ATIBI.E MIII_ _11*d TO & _ _'_f$_R

• INDEFINITE LIFE _ITH ON-ONBIT RAI_

e FAULTS I_OLAT_D BY _;UBSYSTERSELF-CH(CKIIqlG _ BY SYSTER-L_L

REOUNI)AN(Yl_t_ FinNt

• ON-BOARD THR(SHOL_ _TECtloN RESULTS IN RUtONDluI_ II[COm:ICAJDATION

AND RErOVERY

O RECOVERYDECISION DAt4 IRR[RIATELY FDAk_I_D TO GRONNO

• KL PTR_D_ANCE DATA TELERETEI_O PTRIOOICALLY ION MHEII n[SIIW_

5_L[CTIVELY) IN OND£R TO V_RIFY ON-BOARD KCI$1ONS N_ TO

MONITOR FTRFONW_J(CETP,[NDS

e ANALYSIS OF T[LEPI[TRY DATA MILL BE U_D FOil ONU I_PL_F.PL'NT D_CISlDAS
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r_qwsNa i 0N-_BIT PAI NTAIRAI_I LI TY __mnBam_l_ir°
Im_qmp6mw _f_q_ _ GHU SIZING

• LARCh, STJLHDAAD,TOOULM OFIU'S USED TO MINIMIZE NOIq_R OF tlNI_IE
REPLACEABLEGHITS

O ONooNO[T It[IONOING OF THERI_kL CONDUCTIVITY INTERFACES A_qDED

• STS-STAI_ARDIZ_O CREV SUPPONT E_JII_H[NT AN]] OPERATIONSUTILIZED

• ACHIEVED COf_i]RAUTY OF INTERFACES FOR 5RGHTH. SERVICE. I_IIT
OR JETTI SQN

• EXTERNALACCESS PROVIBED TO AVOID DEDICATED INTERNAL VOLUI_.

DCCeS ON PMELS

wmv bm t

i

ON-ONBIT I_IRTAIRAIIILITY CCo_?inUED)
,"_W

ONIVEILS:

• RlmlHIZ[ _1_ OF U_ll_lE (N_RFACES - COST M0 C_N_ITY

• I_(p SUOSYSTEFIEL[DENTS TOGETHER

• BATTERY. CRANGEII. C_RTE! SIZE

• CPI5 SIZE

• _llfl'AIN _ST'EH C@EUTIOI _1_ _ _PLAC1_HT

O COFIP'ATIIIL ITT HITH EVA _ K CILt'V NP&mLll _/qlILITIES

A/qql0ACH:

• _0 X R6 X SO INCH STGHDN_ RDDUI.E FO_ _ST EDUIINE.NT

• SOLAB NUUIY, ANTENNA, BAJDSATON,STAB TBACKEIIS _ 'iv

C/_RAS/LIGHTS ARE ONIOU( UNITS BECAUSEOF CCIflGUUTIGq

RID LOCATION REDUIDE_HTS

_e_m l
lm 5_ee &
_0_e

m

llW 5_meL
_em

• APPLIED LEN_NIN_ FIK_ SPACE TELESCOPE AND OTHER PflO(JU_S TO

AYOIO UHIODE 9(SI5_S TO HINIHIZI[ SPECIAL TRAINING

• ACCESSPROVISIONS. STiNDAADIZ£D EDUIPRERT. 5EDERtC lqt) SPECIFIC

TRAINING. _ STJmOAnDORBITER TOOL KiT PROVIDE EFFECTIVE

SEDEI®IPITT liEPAIIt CAPABILITY

• NO RAINTENE PLAIqDE_ DOffING THE _ FIVE VE/_S EXCEPT FOIL

Rim EXCHANGE

• CONTINGENCY_PLACEHEN1 _PABiLITY PROVIDED FOR (DUIPI_NT

FAILURE. ON-On•IT DIdRAGEOR I_RFONI_NCE UPGRADE

OH-OR81T AEFONBI _.VqEHT

e DE,ED FOR SP i_TURA TO EARTH _ SAB_ODENT ON-GNOUN9REFLNtDTSHI_HT

AFTER FIVE YEARSDE OPEBATION IS UNLIKELY

• POST-FIVE-Y_dkq REFUI_SISN_NT ON-ORBIT CAN _ _ IN CgNJUIICTION

HITH PAYLOAD (Xr.HAI_ES

• BATTERY (NO,It NODUL() CNJL_DEIT IS _.C_T L|KI[LY J_TVEEH SIXTH ANO

NINTH YEAJtS

• ON-OABIT REFO_ISNf_NT BA_S DOLLARS &qo TIDE

o ORlflTEItltS_Ti[OPAYLGH_ S_'RYICE

- EL|RIRAT[S ONIIITER RETRIEVAL AND R[LAONCH FLIGHTS

- AVOIDS EXTENSIVE GH-GNOONOSP HANDLING

SO_ C_PkAI,_ . ONIT A/_ NO_ULA_ G_J'S

u_
(_)

e NO CARGOBAt" CNMIER F_ _ ITEIqS

• FEVER RMS OPERATIONS

(-)

• ELECTRICAL/P_CHANICAL I_DESIGN

EVA

• TDERIML BONDING UNCERTAINTY

• ACCESS REDUlliED FOR EACHUNIT

(D0011S, LGH DENSITY, ETC.)

_'" .'TT'_,"
_m_r_ NOBJi.RA _ CGHFIGURATI_II

_"---- .'7"_W
e"_W _'_'_.. RA,,,,(,,__,,...,Eo ,H.,_RAo_'s

• POTENTIAL 'AILUI_S IRE COI(:[•TIIATED IN THE NOOUUm-TYPE. STAI_ OaU'S

(*)

X STMORAO EL£CTHICALpr[cRANICAL

INTEHFACE

O ST_RARD REPLACEMENTOPEBATIGH

TOOLS

O HIGH RACKAOIW_ DE_ITY

• GH-OI_IT GROWTHSIRPLIFI(O

• TRAINING COSTSPIINIPlZ[D

(-)

• PAYI.0A_ BAY CAB•tIERS _ Oi_UTliOlIS
itEOUIDEO

e SO_ OPERATIONAL UNITS DEPt.AGED

ODU T_ES

1. I_uen

Eeul_ $. ATTI_ cmaTs0OI._TA le_Im.li6
FAI t.iLX_ H* Ci_W41 CATI 0N/DATA tq_MIl_,li_

If•IT| 5. _TI_ TN[IIImL COmTX_

_. l_T|•l ASUNRL_

_ 7. _ _Y

E_P 8. 114_nAT_
FAI_ g. Sre4t nMC_(i_t

RATE tO. li_nlmism Im_

|1, I_tt.OU •OTATIq_ _lm

|2. OUITNIII6 Ll_ktl"S

L], li_•TNlm ¢llml[liA

11[ ALL ma-_lq_cx_s

l

G_J

¢

L4RGE _mU

COF_NEm
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Te_VS6oCt& ORU ON-ORBIT CHANGEOUT SU_Y ve_vs_ocei SP AVAILABILITY DERiVATiON

o _q mnmmo_m- omln

l mueulminn II_gnHmt. allmu
gale

e *r_1 mm lam mmmLi emm_

| _ , imLm
i.mimer m atom

! roll • • n. roll mmeMm

l mM_uv •. N .Ii Imll
_ Immmm

O m m*m.ll ,m_m *

u , ,• _ w m m Iml mm_ ¢
u_e m

.,. =.1 ,
_ l

omve I

m

•m- ll- nn_ i._._vam_nmemnm

me
inn mcN_ I;_M _m _Nmnn p a,a

• e*mwmmalll I wt_ I inMm_ Cao,im m U Ummcmnno n *mm_,.

• m mm |

va

ivalis i

• • n• am !

ii l wlln I

• • qmlima |

nllm !

l. _m_m6_mmmlm

ua_

|

!

!

l

!

i

I

l

i

,i

_le

• AVAIL.AIIILITV IS THE IIiASUt[ OF THE $VSTEPq (APAIILITY TO AIOV|D( I'M(
10eTESl)E D SEnYICE

IELIABILITY I_ESTORAT ION

USlR_ O.-O_)li 0_U *EPLAC[_NT: _U_ •mmimmom

• DETERMINE SY MONTE CARLO AVAILASlLITy SlPqULATION pnoGn_q

O _RO_RAM SIPq3LATES EO4#IPMENT FAILURES AN) SCHEDUI.E$ O_U •(PLRCEPlENT
uPO_q PREDEFINED IEPLACEP_NT STRATEGY AND 0411tEn _EVlSlT FNI_P;C_

• PIOGIAM _EEPS A IECOd_D O_ "_q_T NAPPEPlEO" FOe E_M _ISSlO_

e F'v_R_ *E'EATS I._IVI_UL MISSIONS _eu, v TI_($

• St0I'P.ARIZES TME STATISTICS FIO_ •ECOUDS ACCUUq_LATED OVEn IqA_V MISSIES

IPlWSlI_I NIINTAIRABILITY TP,A_/StUDY SUI_Y

p._ u -
O_m
IPndVStow &
V_V_V_ r,_O

FOOT I[STUINTS ATTACH POINTS PO_T SIDE

7TIW

U AmAt_

-X ,

IqOl_ll I_U, H

ANT[HIIA ._

A_EEImA IPI _

i _ _ lllt_ql.[ FeOT l[llllllt ATTACN POIITI

JL J o,,

I',-U_ l

V,III_ l,,,e

EVA TASK ANALYSIS

___.

mm

m, m

R,_m

m wi_

m__L_

l,w

m_n

• MEAN Tiff[ TO COHTIIqG(,qCY O_U REPLACEI_NT

- FR(OU[NCY OF REPLACEMENT D(TERfllII_D FOD M ON-mlT

DEPLACFJq(NT STRAT(61(S: CONS[PlVATIV( AND OPTIRUSTIC

- I_S_.TS INOICATE _q-ORBIT R(PLAC_NT ACTIVITY. EW)I

WITH A CONSERVATIVE STRATEGY. VULL nOT I_ EXTEIGIV_

O_ BuA_gP_x_

e SP AVAILABILITY

- AVAIl.ABILITY D(TEI_qlN[D FOIl 1110 R[PLACD_NT STRATEGIES

AND ALTERNATE OP_IT(I I_VISlT SCHEDULES

- RESULTS CLEAALY OF.J_IISTUT( SP CAPABILITY AS A UTILITY

IN SPACE

m m__

eNmU_,_DU

I -- . .%.... ._..,_,.,,.,,,__,.,,..:_..,_.______.,_,___

I.-----I-T Iom ,Tim"

o.W O.W

e am_'MdB lu_pt_c_lnm_ O; _m,o _m_ 0_t lll_nm_

e mini _vA_mLr_r_ O_ WWVlCE _0 _v LO_O_

V_VS_u& RINIIq[ZING COST OF ORBITAL IMINTENN_C£ O_(RATIONS

7T_W

e IqooUI.ADIZE TO I_DDC£ UIIIOLIE EVA OPlllATlOIqS

• UTII.I_ CJ_ IAJ_T EIJ|PlllT _ _PlERATIOI_ l'_Ll_

FOR SNm'I'LE M_ SPJbCE TE_

• REDUCE TRAINING IY lqlllHllllqlG UIII_LIE EVA OPEIIATI_II

0 UTILIZE _ lift, lEFtS FOR JETTISON, Mm_N

P,EPLACI_ERT OF NON-RD_ILM OilU'S (SOLidi NtlMy, NkDIAT_,

MTEleM)

• £XTER_L IqOUNTIN6 IqlXlfllZES:

- ACCESS OOQ_S AND PA/_LS

- _F.DICA_t_ AC_ES5 VOLUFE
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SPACE-BASED ORBITAL TRANSFER

VEHICLE (OTY) MAINTAINABILITY

TECHNOLOGY DEVELOPMENT

Pro_MMmd it

lilukm _mnce Ca,_fe¢_

stauon wock_op

cJ.v_ or,_v,.

SPACE-BASED OTV MAINTAINABILITY FACTORS

SPACE-BASED OTV

REPRESENTATIVE SPACE-BASED OTV CONCEPT

_- , ) , '. ,It ' /\ :')_/ ="/
I ) i i_ -'_'''" rw

"'0 =" /...... !:

/

_m

MAINTENANCE FACILITY EVALUATION

m• m
.....m

: _'_----. ...... --

i

• line

_m

m.m_

m

SHELTLq SE.LF, C_ON _ONALE

• !

• m.m

• m

Tho solelilid noiqiroeswliod moltie shelte¢ cloiIllilmnJon

provides lillo liiieic nNCIS fir OTV malnioml_e In SlllO

Shelter attrlutee

• Provides Ixc4o_liocl Illainst nlitoo¢olcl, cJeixil & _

• C,ollligini_ is reliiul ixooiiinl liaie

O_ _

• _ t_l_o _ & _ _ _ _

• _imo_ / _ _ln ',,-I

• F___i_mtm _

• No _ent _M_

@
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OTV MAINTENANCE PHILOSOPHY

Throe-level maintenance -- bend on invet.of-creoak amdyus

• I O'rV local nlmltoftmlco

• , SCece staten maintenance _ replceeble unl_

• HI Retum-to-Nr_ mintonenco

8in_ spare parts based on relbIMiy, m#icality & cost

• Sikm storaOe vs stxJtUe clelvefy

Stress modulr consltucUon kx _t cspebNity

Pnwide operational flight ineimmmtaUoa • _ iBt

• Fault iso_te to reliceJ_ unit

Optimize EVA _ mlntenan_ opmnlons

• Cor, ekder anafoW _ _ adSudonl

• Tra¢iofl EVA vs supporl oqldl)me_t

-- I'V imcQc_

-- R_l_,=41: remove & rolico

O_ COIURECgIVE MANN'rENAN(_B OPERATIONS

w i 1:1_

Unec_du_ W

Sys_n o_n_mm
vwtr, c_lon

Serv,_0

_mTm0

veray a mon_r pe,_'onmnce

!. •

vwwy 01V hmdlmo coccepts
a w_q:mem ccmpeWoly --

! vwtty mdno procedw_ t

-- -- -- equcment#EV_ kmora_on

OTY PROPELLANT SERVICING IN SP_C£

Main Im)pulon eystem

• Prov_ prop_t stor_ & Imnsl cap_y at space st_

w so.hue fr_-nyor p_Vnt deoot

A__

• Rel_ace ACS modules afl_r eacfl opemtmna_ nmmon

• Conduct _ ope_mns w_i_ senVautoma_c ot

robotic eqmpment

• Resu_ly ACS modules vis S4_lle & sto_o modules on stion

BASIC OTV MAINTENANCE FACILITY & SUPPORT

EQUIPMENT

*'1

-_-- _!_/:__

MAINTI_ANCE TDM -- ENGINE I TANK CHANGEOUT

eli I ,_,. ;.. /p,l[ # _ T_ _>,

• ,i " - "i_, ¢ "'

'1 I [,,. ,..,,e.,

{ I ....

TDM MAINTENANCE SUMMARY -- PROI'UI_ION

PIIIm Iq_mI emil lem _iIvl

* a_,_ aural*

• IVAm

_mm

_m

m

• w m
m

• m_Am _ ' _ml
W om_) rues

i , i Ill_lq
-- ll, el _em_l I
_i'_ m , C¢IVm
--Cmem ,Ira

SI
um

-- Ci_y mllmw ' _m
,mm

• mi emeqm
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TDM MAINT_ANCE SUMMARY -- PROPU_ION
(coaUnued)

• mB °i I.

_m._ _w Mm• /
m

• nl--_m I.._. I• I

.--..----• Iv ,qma u_6
_umm

i
mI

Ii

I_mm
_ mmmm

, vA_w

• vv

vl m

MAIN _GINE -- R_OVAL & R_C_T

t , l l u i u

12_ Ii I

12l ill PI_ EVA

....
CZJI fill

lal _ pWIIII_ I

am_IO I la_ I TI _ Rim

(I) I P_eI I I

q2D I _ IrA

i

M

_n

_w

MAINT_ANCE T_HNOU_Y

DEVE_P_NT P_N

L _ ........._

I _m_ I
I _'_ I

mN

KEY _Ug-g & _MMEN_ONS

I'm,'

• _o_'; _ _ _ i _
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SPACE STATION

EVA SYSTEMS

MAINTAINABILITY

June 1083

SlSMIDAm

SPACE STATION

EVA SYSTEMS

MAINTAINABILITY

June 1983

bk e......., Cemamm Cmsd ! ii
reed1 _kl_.,_'_*_ _" _ _ " _mm'antC*tton Carrter *Ss_l_* (((A) * I[_tS 4$t_1¥ ¢O_$ISt?*Qf * farl¢ MM ¢O_er dll¢ll mi_tt$

_ _, _1_/An. r- --._.\ r---'fl

li=_ui_"_ i,.ui_-i. 1'¥ b--_J'_._-. ...f"-- ,-,,,,,,O*,h
• ,:,,r_ _ =._"-"- _ b__,_..-_,_.;._ _ ,,.,
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fifl MAINIOIA#IC[O/OLUTION

OPAL[ SHOTTL( |DO

I(PLA([ [IP(OIAIL[S

- 0 2

- LION

l U_O

-- 1ATTllY

• ell[lOll PLSS VlTH COS

• AOJOST S[OSilS

• L[Alli[ CO[CO

• lIT*NIP[ SSi

SPA([ STATIOH [flu

lECHAll( VIA 1[S[O S|iSYSI|OS

ilPAIO RODULA1 |Hi

O[PLAC[ IATT[lY

CL[Ai LCVO ([V[SY 6-]0 EVA°S)

1lY-VlP( SSA

L(AKAG[ COCCI

CNICOHT PLSS Mill (MS

CilClNl [iS IITI STATIOI Slll(n

(L(AO UCI

'Pea (WJ rKb_w_rl4m:-_ef Iteltl_ will Illlllldl |_ _t|l if Illl Hi_ll Ill_l.
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CO2 SYSIEN I[CNAIG[I

lOS liCiAltEI

02, N20 I[OOAIO[i

• POV[I i[(iARS[

[Ri SPAEESISIOHAS[

YORK STATIOI NITN CL[ANllS RAT(DIALS

TOOLS

LEAK O[T[CTIOO 5Y$T[R

S[|VI(£ AID COOLIN5 URBILICAL

ilOfl[OICAL NONITOR CO[ClOUT

I----'l _l_il: cmem= RNT S C:_lll llite Cl411a_ M

_ _T$ _ _ _la_ _

"_ II e_ il I I 1 _

I _ CO_ To llld I' allollla

l(¢_ $TATI_ AISI.( _c[s$ II_IIIIIN[IIIS

llSt_ ee _ II1_ l_lRt*_*,_* e*(Itttl _ll I,I C_*Lll_**t _ (a) mt*C_ll[e/f_lm Ullp|Ut_.

(b) ,,el_ tt*_l_ I*_t_** vlt_|_ m4vl*. |C) frw_ of (VA. *_ (I) lVlNr *_ IrA cl'emee.

i_J_ RECHARGE STATICN AISLE ACCESS RF.QUJ_S

I[OUll[O FRONT ACC(SS/AI$_(
SYST[H ACC[SS AlIA FT2 VOLiRE FT)

lOlliNG STATION 29 87

SIO|AGE 2 [flO*S 2| t]

I[_[iERATIV[ CO2 9.1 _8.2
[OOIPflENT

IECNARS[ CONIDOLL[I }.| 9.S

l[PAll STATION _*$ A2.9

SCI 5.3 18.9

TOTAL 85.1 F12 2A9.3 FT_
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_ll_kOOllS ALTERNATE EVA MAINT]_IANC( AND
PREPARATION STATICI4 CONCEPTS

ITEm V0LUfl[ (FT $)

[RU STO_[D lI lAP 2_.[

PLSS S.l

NELnET $.0

LC¥6 0.I

6LOV[$ 0-21Pl

AInS 1.91PI

L[6S VlTH LOOTS $.21PI

IOOY SIOCEISS JO INS

ICB ]SO IS)

8lawn IEMU.|

L_J_ EVA MAINI_L_NCE/PREPARATION STATION LAYOUT

ALTERNA'I[ EVA MAINTIENANC£ AND

FIIEPARATION STATION CONCEPTS ( CONTINUF.O )
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SPACE STATION MISSION ASSURANCE ISSUE:

NATIONAL SECURITY (DOD) MISSION
SURVIVABILITY ...

• COMPATIBLE MISSIONS FOR JOINT CIVIL/MILITARY SPACE
STATION

• RESEARCH • DEVELOPMENT

• LOGISTICS (TRANSPORTATION, SERVICING, STORAGE,
ASSEMBLY)

• IN PEACETIME, MISSION8 ARE ASSURED

• MISSION8 NOT CRITICAL IN WARTIME

• LOW PROVOCATION DETERS ATTACK

• SURVIVABILITY PHILOSOPHY FOR MISSION ASSURANCE

• OECOUPLE MISSIONS FROM WARTIME OPERATIONS

• NO HEROIC DEFENSE FOR CONFLICTS

• PROTECT AGAINST HARASSMENT (e.g., [LECTRONIC
JAMMING)

SPACE STATION MISSION ASSURANCE:

LESSONS FROM THE PAST ...
KEEP USERS INVOLVED DURING DEVELOPMENT

• 11811011 SUCCESS IS A SATISFIE0 USER
• USER INTEIUtCTIONNECESSAOY TO ASSURE STATION SERV_£S

ICAPUIUTIES, AVNLAUIUTY, COSTS) MEET USER NEEOS

UJUP_: |TATlll _ UUI_ilJE |TV

m.elnll mmaaum

i!i! /_'""

// /

o ,;,j.--j_<.- .

, , , , , ,
I _ ii i I_1 ol

amllllli_,imarlom une

iSSUE,....,..::PAYLOAOWEIiHT DISTRIOUTIOHn TIME

SPACE STATION MISSION ASSI,_U_NCE L_qUE:
CREW SAFETY ...

SIZE DISTRIBUTIONOF HIGH ENERGY PAYLOADS ...
SPACE STATION MISSION MODEI.L 1990-2000

tqllHlt_qY
tOSS

IMZ

1 N ' •u _ !o

|, i ,
o lO N _

N'KLD
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SPACE STATIONIOTV CAPTURE• ..

Im

.

m M N N U m I_ N N m m

• UME 8TII ¢HA/KMB FOa • IWS _ Ik4UD ON
ALL _ .._ OEliTINATION

• LF _ I am SlS ONt.¥ LF • O.n
• 1.4 _ • * STATIONaOTV: LF • 1_

• OmE trout PIUq O_' • U[NGTN _IUUNT nF.MOVlED

• Ih'TEOItAL _ • liN.4._O IVOES ON OTV
NIr;Avli.T FAVOelm

ANALYSIS OF SCENARIO S...

i iNl ,m N

I_E mSTlmml_X
(llm.m

NO. OF

L TOTALliPAC:ECIUUrr WlUGHT (XIM

ItAcl[Cluurr
WlEmHT

' N N m
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MISSION ASSURANCE CONFERENCE
SPACE STATION WORKSHOP

SESSION 4
LESSONS FROM THE PAST

DICK KLINE
GRUMMAN AEROSPACE CORP

JUNE 9, 1983

DEPEND ON THE RABBIT'S FOOT IF YOU WILL, BUT
REMEMBER IT DIDN'T WORK FOR THE RABBIT...

Q

WORKING WITHOUT A PLAN IS LIKE SAILING
WITHOUT A COMPASS...

TO ERR IS HUMAN...TO REALLY FOUL THINGS UP
REQUIRES A COMPUTER!
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IF PRESENT TECHNOLOGY CONTINUES, MAN WILL
ATROPHY ALL HIS LIMBS BUT HIS PUSH-BUTTON
FINGER...

PEOPLE WHO WILL NEVER CHANGE THEIR MIND

HAVE NO MINO TO CHANGE...

BETTER IS THE ENEMY OF GOOO ENOUGH... EVERYTHING COMETH TO HIM WHO WAITETH, SO

LONG AS HE WHO WAITETH WORKETH LIKE HELL

THE MORE TIME YOU SPEND IN REPORTING ON
WHAT YOU HAVE DONE THE LESS TIME YOU HAVE
TO DO ANYTHING. ULTIMATELY YOU SPEND ALL
YOUR LIFE DOING NOTHING AND REPORTING ON
THE NOTHING YOU ARE DOING...
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Mission Assurance Conference

Lessons Learned

)

S. Schrock

June 7, 8& 9,1983

dJ

Teleoperator RetrlevallSkylsb Boost System
Lessons Learned

PROIRN¢
%

• SKYLA_ AND SKYLAB REliOOST PLANNING V

PROELEM

• SKYLA• 0RE|T NAS _CAY|NG

• RESULT--U_ICONTROLLED PIE-ENTRY

SOLUTION

• REBOOET TNE SNYt.Aa ROgQLE USING A TELEO_EAAT_ RETRI2'.JAL SYSTER (TRS)

- Um_ED EE_DEL'VOUS

- P.EHOTELY CONTROLLED FNOR THl_ _/_'tLIE

o SHUTTLE LO¢ATED 1(]00 FEET FNOR SKYLAI

SKYtJ_ DATA BASE

e NO CENTRALIZED ON CONTROLL[D :ATA 8AS( ][X:STtD

• |NADEGUAT[ DATA AYA:LADLE TO FULLY CHAIt&CTENIZE THE P:_OBLER

° DOCKING |NTERFACE$

" P_ASE PItOPERTIES

- LOADIHG 0ATA

" EGUIPF_NT STATUS/_)NF_tRAT|ON

- C044qAND/CONTRDL INFORNAT|ON

SPACE STATION

N ANALOGOUS PROILER _qTICIPATED ON SPACE STA_rION

O SPACE STATION IS A LONG DURATION PNOGRAq AS CGIqPARED TO SXYLAB AND NILL P_Q4JINE:

SYSTEM EVOLUTION

EYSTEN CHECKOUT AND REPAIR

SYSTEN UPGRADING

P1ER IODIC I_A I NTEItANCE

DAMAGE REPAIR

ETC

- CONTRACTS ARE NOT EXTENDED FONEVl[R

- CONTRACTONS HAVE A TENDENCY TO R|D THEIR FILES OF DATA

e FRANTIC [FFGRT TO COLLECT RE•_IflED DATA

- EEANCN Ot _ NASJ_'CONTNACTOR FILES

° INTERV ENS V_lTN KNOt/LEDGEANLE SKYLMI PERSONNEL

RECORRENhATIONS FOR SPACE STATION

• DEVELOP A CENTRALZZED DATA 8AEE THAT:

" CONTAINS ALL SS PERTINENT OAT&

- |S CONTINUOUSLY _AfNTA|NED/UPD4TED

- SHOULD BE ACEESSI|LE trltOM SS AND G•OONO

)
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LESSONS LEARNED FRO_ "PROJECT CORRON HARD_ARF"

- EXPERIENCE FnOr THE ESA SP_CELRB PROGRAR'.E -

SPACE STAT%ON HORKSHOP

LOS ANGELEE, 7 - _ JL_W ]983

LorS TedeeJon

Euro_-on _poce A_ncv

"CCffloN HARDWARE" EXPERIENCE

o PROBLERS ENCOUNTEEEO:

- CHANGES HAVE TAKEN PLACE H]TitOUT CONSIDERATION DE IRPACTS ON THE OTHER

FROJECT.

- DELAYS, INCLUDING STOP OF ND_R FOR ONE YEAR, IN ONE PRO_CT kESULTED ]H

/_OPIPAT JllLE SCHEDULES.

- ORBITER PR_GHAHHE PHILOSOPHY CHANGEI) FEOfl SEPARATE DEVE_NT AND

OUAq.]FICATION TESTS TO COI_iBIHEO DE'VELDEIqEIIT ! OUAL|FICATION TEST.

- EXTRA TESTING REDO%RED DUE TO NOrI-AVAI_E TEST RESULTS FRON THE OTHER

PROJECTS.

- COST IRPACTS RESULTING FNDIq THE ABOVE.

°EOff_ HANDHARE° BACKG_

0 DUlliNG TNG STNDY PHASE IT HAS DECIDED TO TAIC][ ADVANTAGE OF THE ORBITER

DEVELOPI_ENT PROGRAIqqE llY PAOCOR|NG °SPACELAR ! ORBITER [OFPION MAND!wlIEE =

ISDEH ITS).

o THiS _EC]S_ON _ ON|VI[H BY THE POLICY IRfd_OHANDU_ OF LINDERSTAND[NG,

ARTICLE |J], PARAGRAPH 2)_

"i# TNG IITTEHEST OF ll|RIN$|NG DEY£LOPRENTAL AND OP[ILITTOHAL COSTS, AND

PkLXlelrsflqG I_rLfABfL_'rY, M EFFOCT WILL _ PADE TO OPTIIqI_ CoIqqoNALITV

RE,Ell SPACELRB _ SHUTTLE COIqUOUENTS,-

(2)

I IS) 1

"COFJu_I HAR_4_ANE" EXPEN|ENCE - CONT'D

o SCHEDULE OVEAVI£V

O_,TERE_
PROPOSAL PHASE

SPACELA_ _

2 - S YEARS lATER

SPACE. [_

J

"CONR_ _RE" IIqPLEIqEPTATION

0 THE ITEIlS SELECTED AS SOC_r ITE_ INCLUOED:

- o2 / m2 CONTNDL SYST_e

- _ OFTECTEON / FIRE SUPPRESSION

- F_EON _ PACIT311_E AND W.AT EllCHN4r4[RS FOR THE THEP_AL SYSTER

- PA_ HERONy ONIT

- ETC.

0 THE |MPLEPENTAT%ON YAH TO SEPARATELY D[HECT THE RESPECTIVE CONTRACTOR FOR

PflO(URE'RENT, THIS INCLLIOEO THE RESF_qS]O[LZTY FOR THE CONTRACTOR_ TO CPAqPLV

_ITR THEIR PROJECT REDUIHEIIENTS.

SeACEL_

/ le) _

"COff'_ON HAF_AKE* - CORRECTIVE ACTION

0 ]N ORDER TO OVI[REOIqE THESE PROBLERS, A SOCH COIqqITTEE WAS ESTRBLISRE_ WITH

THE PN[I'IARV RESPONSIBIL.]TY 10:

- ESTABLISH EFFECTIVE CON'IUNICATION AND V[SIIIILITY TO THE PARTIES CONCERHED

AND TO ACHIEVE COST-EFFECTiVE PROCUREJqENT DE SDEH IT_3NS.

0 A_ A RESULT OF THIS COIq_ITTEE, BASIC AGREERENTS HERE REACHED, [G.:

" DESIGR AUTHORITY ASSIGNED TO ONE CONTRACTOR.

- PESPONSIO]LITY FOR Pllr)ELER SOLVING AND NECESSARY N_NDWAHE NDDIF[EATIONS

FOR SOCN ITEJqS.

- |lOUT%HE EXCHANGE OF _NFORIqATION BETHEER SPACELAB AND OI_BiTEfi CONTRACTORS.

- SPACELJ_ AND ORBITER PARTIES TO PARTICIPATE AS OBSERV_ JR EACH OTHERS

KEVIEWS AND TESTS.

- RE_LAH T[L_COIIS FOR STATUS R[PORTIND.
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°_,_l_q_ IllllllLil[" - COI_LU_|ON

0 iN OL_$ OF P/_U.LI[L _rVELOP_NT, A PROILD_ WIThiN ONEPROJECT_ EASt_

R£_T iN _IOUS TEC_IOIL. _ /UO COST IMP_T$ _ _NE OTHERPROJECt.

O IF _TIU_T_ C_ROL O_qOT _ E_ICISL_° TI_ F.J_LY [$T/_LISI_ENT OF A

0 " THE _ F.JU_R_£1KE_ I£ /d_PLIr.J_IL£ TO:
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ilS$O_ LEarnED

SAFETY - RELIIIIIILITY TEmlNDLOGY

- EXPERIENCE FllOq THE Ell SRAC(I.AB PRD6A_WIE -

SPACE STATION I_RASHOF

LOS ABG(LES, 7 - 9 JUND INS

Lors TeG_r_

Eurooeoq _e Agency

TE_INOLOSY - IRPLEII(HTATION (CONT'D)

0 IN THiS ]flTERACTION, THE RELiASILHY CRITICALITY 1 OUTPUT AFFECTED THE

FOLLONIND RELEVANT ASFECTS:-

- INPUT TO THE HAZARD ANALYSIS

- SAFETY CRITICAL IT_ ASSIG_REHT AND CONTROL

- OUALIPICATION TEST PROGR/kvII_

- ASSIGNMENT OF HIGH(ST QUALITY LEVEL OF EEE PARTS (TWO LEVELS MERE USED

ON SPACELAB)

- LEVEL OF CONTROL OF THE CONTRACTORS

0 [YEN THQI_H THE APf_O4(H MAS 1N 6ENERAL EFFECTIVE, SOI_ CONTRACTORS

(XRDRIEN(_ PRO|I.O_i IN TEIq_S OF INTERPRETATION.

TERRINDL60Y - IIASKGIIOII_

DURIOS THE ESTkJILISICNDNT OF TNE SPACELAB PRG_KT _RAND( PND6RA/qIE,

POLICY OFCISIQRS I_LLI_O;-

0 INTE6RATE THE SAFETY AND liLIAliILITY ACTIVITIES IN A CO_T EFFECTIVE

e,_mEPa

o ALLOCATE _I$ OF REEUIR_EI_TS IV_ EFFORT, ACCONDIND TO THE

CRITICALII_ OF THE FulICllm.

TE_INDLOGY - PROBLEM

0 THE DIFFERENTIATION BETHEEN FUNCTION, FAILURE, FAULT, EFFECT AND (VENT

llECN_ llLURDEII.

0 AS AB EAB/q_E, THE ]NITIAL PRDCA ASS]GN(1) A TYPICAL CASE TO

- CRiTiCALITY CATEGORY 1

? RQ)UNDNICY kiSS !IITRRDQEH) AND THE P_-RUH OF THE F;4ECA _ _£SUkT_ !H ,i.q

_IGI_Em OF

- CRiTIOkLITY r._TE6ORY i_

0 THIS ASSI6MqENT WAS PERFOIhllEI) FRDM A PURE RELIABILITY POINT OF VI(M BY

ASSESSIOS

- THE EFFECT OF A FAILURE (SINGLE FAILURE TOLERAIqT)

RATHER THAN PflOPERLY ASSESS THE CONSEQIIENCE OF

- THE FAILUflE OF THE PUICTI_.

(5)

I

(3)

TEONINDLO6Y.- |RPI.19qEIITATION

0 THE IIq_LIEI'ITATION OF THIS POLICY NGS PRIMARILY _(PTI_ERT ON THE INTERACTION

HETHEFJ( SAFETY _ RELIABILITY k_El_ TH( FP_CA F_SULTS S(RVI_ AS k DIRECT

INPUT TO THE SaVlTTl _YSIS. _,C(OF_IOSLY, CAiTICILITY Ill THE FI_CA WAS:-

_BIII_.,IH XtIBIII_f._.EEIII_

I L_ OF LIFE ON V_I41C ttr

2 LO_S OF RISSIOI¢

S ALL OTHERS

TEPO'ilNDLOSy - CON(LOSION

0 IN RETRIO_PECT, THE DIFFERENTIATION OF TE_INDLOSY SHOULD KAVE REEN

O THUS, A CLEAR AND CONDIS( DEFINITION OF THE T(I_IND_,.OSY IS Pm

iR A C(]R_LF_ ANALYSIS PI.

0 THIS IS _ _ _ IR AN INTERRATIONAL EIWIRDW_NT M4ERD

DIFFERENT LAB6U_I_S _ ST_ I_T BE I_COSNISED.
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SUMMARY OF ISSUES

AND RECOMMENDATIONS



SPACE STATION

SUMMARY OF

ISSUES AI_ RECOMMENDATIONS

I. Revision of Quallty Assurance Requirements

_ssue

Current satelllte systems are designed for

multlyear llfe in an environment where ev_ minor

subelement failure can cause significant degra-
dation or even loss of the mission; the opportunity

to repair the system has not existed. Quality

Assurance requirements developed in this era had to

be stringent and rigid. The Space Station envi-

ronment, on the other hand, offers a unique

opportunity to revise Quallty Assurance require-

ments for many subsystems because onboard changeout

or repair is possible.

Recommendations

a) Some current systems are based on 100%

inspection or on inspection Just prior to

closeout. Little attempt has been made to

develop an inspection system or technique
based on the crltlcallty of the inspec-

tion, assembly, or test activity. It is
recommended that a set of requirements

that drives Inspectlon/test planning to a

system based on criticality of the

inspection, assembly, or test activity be

developed. Heavier use should be made of

the quality designee system. The critical

inspections selected should be part of

overall the producibillty concept devel-

oped Jointly by QA, manufacturing, and

engineering personnel.

h) Some aerospace hardware and procedural

specifications are unnecessarily tight,

thereby needlessly driving up costs.

Appropriate stepe should be taken to relax

overly restrictive specification require-
ments where it can be established that

significant cost savings will result, and
that mission assurance/safety will not he

compromised.

c) Design criteria should he reviewed for

appllcatlon to a long 1lie (multldecade)

program such as Space Station. Develop
new design criteria documents for Space

Station to guide design. Documents should

he developed early.

Suggested OPR

NASA Space Station Task Force

2. High Fidelity Engineering Mockup

[8 sue

There is need for a high fidelity engineering

mockup for Space Station Operations.

Recommendations

Evaluate high fidelity hardware modeling sys-
tems utilizing fllght-type hardware (such as SAIL

lab at JSC and CITE st KSC) versus increased use of

computer definition (e.g., CADAH) for physical
interface definition.

a) There Is agreement that this capability is

required; the implementation method, how-

ever, is the subject of considerable

debate. Alternative approaches need to be

carefully evaluated. Options range from a

high fidelity physical mockup utilizing

fllght-type hardware to complete computer

simulation of both physical and functional

interfaces. Implementation approaches

need to be studied from the perspective of

both cost (initial and long term) and

feasibility.

b) With long duration missions the assurance

that spare modules to be taken to orbit

are physically and functionally inter-

changeable becomes critical. A method for

checking this interchangeabillty prior to

shipment is essential. Also, there is a

need for a means to provide ground assis-

tance in troubleshooting hardware and
software inflight problems. A high fidel-

ity mockup should be provided in the

program to be utilized for fit checks and

troubleshooting of Infllght problems. The

system for maintaining configuration con-

trol of the meckup over the multldecade

llfespan of the Space Station needs to be

defined. Further study is needed to

define the fidelity and functions of the

meckup.

Suggested OPR

NASA Space Station Task Force

3. Use of Astronauts in Station Operations

Issue

There is an opportunity to minimize system

cost by increasing utilization of astronauts in

station operations (e.g., manual deployment of

infrequently used mechanical devices).

Recommendations

a) Consider designing mechanisms with infre-

quent operations to be accomplished by a

manually activated mechanical device

(potentially using EVA) as opposed to

sophisticated complex automated design.

To reduce design, development, and test/

qualification costs and to increase system

reliability by reducing the number of
mechanisms required, all automated mech-

anlsma with infrequent or low activation

cycles should be reevaluated for posslble

redesign for manual (IVA/EVA) activation

or operation, provided IVA/EVA meets crew
safety and capability requirements. It is

essentlal to avoid involvlng astronauts in

frequently used repetitive operations or

C-i03



in hazardous situations/ however.

b) It is essential that NASA/DoD establlsh a

"cost per astronaut hour" for input into

design and operations trade studies. The

key is to decide on a Space Station cost

allocation and/or pricing policy for ser-

vices (e.g., pressurized volume, port

connection time, power, crew hours).

These services will be priced based on a

selected Government cost recovery policy;

astronaut crew hour cost will fall out.

The specific recommendation is that the

Government establish the crew hour cost

factors for particular architectural con-

cepts, and these factors be used in all
trade studies to ensure that these trade

results are meaningful.

Suggested OPR

NASA Space Station Task Force

4. Design Reviews

Issue

The approach to design reviews needs to be
revised and improved in the area of mission

assurance.

Reco_mendatlons

Procedural changes should be made to enforce

the rigor needed in the design review process.

Design reviews include the preliminary design

review (PDR) and the critical design review (CDR);

the intent is to accomplish the basellnlng of the
specification at the PDR, and the baselining of the

design at the CDR. The concern is that these

design reviews are not rigorous in that documen-

tation is often not available or is incomplete;

also the design team makeup is often incomplete or

not sufficiently experienced for the purpose of

preventing downstream problems. A study using case

histories and presently used procedures to deter-
mine how well these were followed and how effective

they were should be prepared. Alterations to

enforce the rigor are needed in the design review

process.

Suggested OPR

NASA Space Station Task Force

5. Measuring Large Structures in Space

Issu.___._e

There is need to develop a design approach to

measure large structures erected or deployed in
spaces

Recommendations

A measurement handbook is needed to provide

measuring techniques and accuracies attainable for

measuring length/diameters of large structures.

Large structures were defined as any size larger

than 8 to 10 feet. A capabilities handbook should

be developed by the National Bureau of Standards

(h_S), or by industry with the cooperation of the
NBS, to describe existing accuracies/uncertainties.

associated with measurements related to large scale

structures. Techniques for achieving cost-
effective measurements should be described. This

information should he disseminated to design

functions, to provide state-of-the-art capability
data, and Quallty/Product Assurance functions, to

provide methods/techniques for measurement of large

scale structures to various accuracies.

Suggested OPR

NASA Space Station Task Force in conjunction
with the National Conference of Standards

Laboratories (NCSL) and/or the AIA Quality
Assurance Committee

C- I04
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IMPROVEMENTS IN LINE VERIFICATION METHODS

WARREN GELLER
TECHNICAL DIRECTOR

MONITORED LINE SERVICE PROGRAM

LOCKHEED MISSILES & SPACE CO., INC.

INTRODUCTION

The traditional contracting technique for parts has been as
foUows--

at) Prepare a specification

b) Send a Purchase Order with the Spocification to the
Supplier

¢) Possibly perform some in-process inspection using an
itinerant inspector

d) Require the supplier to perform some lot sample testing
e) Accept or reject the lot based upon the results of the lot

test

This example my be an overJ/mplification of the process

but it serves to indicate that primary reliance was placed upon
the supplier to understand the specification, to properly con-

trol his manufacturing, inspection and testing, and to deliver
an acceptable product. It was assumed there was little need for

direct, continuing interface with the supplier during the manu-
facturing and testing of the product.

This technique was satisfactory for parts having the com-

plexity of washers or resistors but loses efficiency rapidly as
we attempt to purchase complex devices.

Today we are discussing procurement of semiconductor

parts whose complexity is that of what formerly was included
in a wall covered with equipment. We must now review man-

agement techniques formerly associated with equipment and

extend them to complex parts procurement.

What this translates to is - greater use ofpeop/e to verify the

product on the line. The AF/LMSC Monitored Line was cre-
ated using this rationale. We would like to share our experi-

ence in managing this program with you.
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IMPROVEMENTSIN LINEVERIFICATIONMETHODS

OBJECTIVE

OBTAINRELIABLESEMICONDUCTORPARTS,ON SCHEDULE,AT
REASONABLECOST,TO SUPPORTPROGRAMNEEDS.

PROBLEM

ALTHOUGHTHE COMPLEXITYOFSEMICONDUCTORPARTSHAS

REACHEDALEVELFORMERLYASSOCIATEDWITH EOUIPMENT,WE
CONTINUETO USEPROCUREMENTMANAGEMENTTECHNIOUES
DEVELOPEDFORSIMPLEPARTS.

SOLUTION

.t,

APPLYSYSTEMMANAGEMENTTECHNIOUES,SUCHAS DEVELOPED
FOREOUIPMENTPROCUREMENT,TO THEPARTSPROCUREMENT

CYCLE.THIS MEANSSIGNIFICANTINCREASEIN THE RELIANCEON
PEOPLETO MANAGESEMICONDUCTORPARTS,RESULTINGIN

IMPROVEDLINEVERIFICATIONMETHODS. ".-

IMPROVEMENTSIN UNE VERIFICATIONMETHODS

NEEDFORDEVELOPINGMONITOREDUNE SERVICEPROGRAM|1972)

• EXCESSIVEHARDWAREFAILURES

MANY FAILURESIN SUBCONTRACTOREOUIPMENT

SIGNIFICANTPORTIONOF FAILURESFROMSEMICONDUCTORS

• HARDWAREDESIGNMODIFICATIONTO ADVANCEDTECHNOLOGY

(BLOCKCHAN6E)

MAJORSYSTEMUPGRADETO COMPLEXINTEGRATEDCIRCUITS
FROMTRANSISTORS

• NOSOURCEOF SPACEPARTSAVAILABLEFORSMALL

SUBCONTRACTORUSE

POTENTIALREPEATOF PREVIOUSPROBLEMS

REOUIRED- NEWAPPROACHTO PARTSMANAGEMENT

NEED FOR DEVELOPING THE MONITORED LINE

SERVICE PROGRAM (1972)

The Monitored Line Program was conceived and devel-

oped, not as an abstract exercise but as a solution to a using
Program's problem. *

Having experienced many costly and time-consuming fail.

urea in semiconductor parts with 1960's (transistor dominated)
desips, when a major systems upgrade (complex integrated
circuit dominated) was planned, it was real/zed that the effort

should incude upgrading the parts procurement system. This

planning included providing sources of space quality parts for
use of the smaller subcontractors.



IMPROVEMENTSIN LINEVERIFICATIONMETHODS

OVERVIEWOF MONITOREDLINESERVICEPROGRAM

• CENTRAL(AF/LMSC)PROGRAMMANAGEMENT

• SUPPUERMANAGEMENT

• RIGOROUSMANAGEDTEST PROGRAM

• REJECTIONOFRELIABILITYHAZARDDEVICES(BEYONDSPEC
REOUIREMENTS)

• EXTENSIVEDATAPACKAGESHIPPEDWITH PARTS

• RECORD/DATARETENTIONTO SUPPORTDOWNSTREAMPROBLEMS

• COORDINATEDPROCUREMENT

• ABILITYTO ADONEWPARTSIN RESPONSETO PROGRAMNEEDS

CENTRAL PROGRAM MANAGEMENT

The organization structure is characterized by central AF/

LMSC management. It was decided early in the program to
retain Quality Engineering personnel in the LMSC/SSD Prod-

uct Assurance Organization although available, full time, to
the technical director. This was done in order to remove any

question of the authenticity of the product verification.

The Technical Director is supported by a Problem Manage-
ment Center to handle technical coordination between the

field and user personnel and by a Communication Control

function.

Program documentation includes nearly 300 drawings and
specifications, an AF/LMSC approved Program Plan and Di-

rectives and Operating Instructions as needed. Copies of the

Program Plan, drawings and specifications are available upon
request through Communication Control.

OVERVIEW OF MONITORED LINE SERVICE
PROGRAM

The initial program planning called for a comprehensive

specification system to document our requirements, supported
in the field by a team consisting of a resident Refiability Engi-
neer and a Quality Engineer. The specifications included

100% screening (visual and electrical) wherever possible; 240

hours, 125°C, dynamic burn-in with tight post burn-in drift
requirements and 2% PDA on burn-in failures. It was planned

that this rigorous routine, consisting of in-process verification
and a comprehensive test program managed by our resident

personnel, would solve the reliability problem without the ne-
cessity for additional lot acceptance testing.

Early in the program, it was recognized that building the

part right was the key to obtaining the desired reliability. For

this reason, inspectors were hired to supplement the engineer-

ing team. They perform 100% internal visual inspection and
other monitoring functions necessary to make process control

a main element in the Monitored Line Program.

IMPROVEMENTSIN LINEVERIFICATIONMETHODS

MONITOREDLINE,A MANAGEDSYSTEM

SUPPLIERMANAGEMENT

• RESIDENTTEAM ASSIGNEDTO EACHFACILITY

REUABILITYENGINEER,OUALITYENGINEER,INSPECTORS
SUPPLIERBASELINEMANAGEMENT

MATERIALREVIEWCAPABILITYTO SUPPORTPROGRAMNEEDS

• "BUILD THE PARTSRIGHT"

IDENTIFIEDMONITORINGPOINTSFORPROCESSCONTROL
ON BASELINE

• "TEST TO VERIFYPERFORMANCE"

100% SCREENINGUNLESSDESTRUCTIVE
TIGHT PARAMETERDRIFTREOUIREMENTS

REVIEWOF LOTSWITH SIGNIFICANTFAILURERATES(296 POA)

• REJECTIONOFRELIABILITYHAZARDDEVICES(BEYONDSPEC
REOUIREMENTS)

IMPROVEMENTSIN UNE VERIfiCATIONMETHODS

MONITOREOLINE,A MANAGEDSYSTEM

CENTRALPROGRAMMANAGEMENT

• AF PROJECTMANAGER

• LMSCPROGRAMOFFICE

TECHNICALDIRECTOR

PRODUCTASSURANCEPROGRAMMANAGEMENT
REPRESENTATIVE

PROBLEMMANAGEMENTCENTER

COMMUNICATIONCONTROL
COMPUTERCOMMUNICATIONWITH USERS& FIELO

• AF/I.MSCAPPROVEDPROGRAMPLAN

• MONITOREOLINEDIRECTIVES& OPERATINGINSTRUCTIONS

• NEARLY300 DRAWINGS& SPECIFICATIONS
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SUPPLIER MANAGEMENT

It is in the area of supplier management (or line verification)
that we have concentrated our effort. Sixty to seventy percent

of our dollarsare spent in this effort, in order to concentrate

our money where the problem really is.

A significant advantage of having field personnel occurs in

two areas - management of non-conforming hardware and de-
tection of reliability hazards - defects not specifically identi-
fied in the specification. We assist the users in their disposition
of non-conforming hardware in order to protect their sched-

ule. Since this effort is also of value to the supplier, he com-

pensates by rejecting hardware mutually agreed, to present a
reliability hazard.

The program approach is based upon the concept --"Build

it Right-- then Test to Verify Performance". It is the respon-
sibility of the field teams, not only to verify that the parts are

built right but also to confirm that they are tested right.



IMPROVEMENTSIN LINEVERIFICATIONMETHODS

BASEUNE-THEKEYTO SUPPLIERMANAGEMENT

BASELINEIS ADESCRIPTIONOFTHE MANUFACTURING& TEST PLOW,
INCLUDINGSPECIFICATIONSFORMATERIALS,OPERATIONS,
PROCESSES,INSPECTIONS& TEST.

BASELINE -- THE KEY TO SUPPLIER MANAGEMENT

The primary instrument for controlling fine verification is

the Supplier Baseline. Use of this document, a recognition of
how the supplier manages his factory, is the key that has led to
the success of our verification program.

IMPROVEMENTSIN LINEVERIFICATIONMETHODS

SUPPLIERBASELINEMANAGEMENT-THEBASISFORLINEVERIFICATION

• RECOGNITIONTHAT THE SUPPLIERMANUFACTURES& TESTSTO HIS
SPECIFICATIONSPROCEDURES& TEST PROGRAMS

• INITIAL REVIEW& APPROVALOF BASELINEFURCONFORMANCEWITH
MONITOREDLINEREOUIREMENTS

UNOESIREABLEMATERIALS,PROCESSESORTESTSSCREENED
OUT OFBASEUNE

ESTABLISHMENTOF MONITORINGCHECKPOINTS

• VERIFICATIONOFSUPPLIERCOMPLIANCEWITH HIS BASELINE
REOUIREMENTS

INITIALFACILITYVERIFICATION
FIRSTARTICLEAUDIT
CONTINUOUSHESiOENTMONITORING

SCHEDULEDAUDITOFALLBASELINEOPERATIONS

• BASELINEMAINTENANCE

UPDATETO NEWSPECIFICATIONREOUIREMENTS
REVIEW& APPROVALOF SUPPLIERREOUESTSFORBASELINE
CHANGES

SUPPLIER BASELINE MANAGEMENT

Establishing a supplier management system that treats the

user Specification as though it is the supplier's primary docu-

ment, is similar to theorizing an astronomic system that as-
sumes the sun revolves around the earth. The Baseline is the

supplier's primary management document. The user specifica-

tion cannot contain everything necessary to control a supplier.

It is in the Baseline where we control what materials will be

used, how the part will be built, what test procedures will be

used, which test tapes and burn-in boards.., etc. will be used

for our parts. Monitoring gates or check points are listed in
the basefine.

After approval of the baseline, we must verify that the su!y-
plier does build and test parts to those requirements. We start

with a facility verification, then audit the initial production
through each operation, verifying procedures, materials and

equipment. Routine production monitoring is concentrated at

critical points in the flow. Since our field personnel have unes-
cot'ted access, they audit the entire flow.

This activity is further supplemented by a scheduled review

of each baseline item, the more critical areas receiving more
frequent reviews.
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IMPROVEMENTSIN LINEVERIFICATIONMETHODS

RESIDENTACTIVITIES

• ASSEMBLYMONITORING

- SF.M-Audit& ApprovePhotographs.LotJoopecdy(LJ)

- W'n BondStrengthSampling(I.J)
- OieShearSmp_

- ZOO%Prs-CspV'mmlIMImctioo
- Co_OUretiooCmtrol

• TESTMONITORING(AUDIT)

- WitnessStationProofing

- VerifyEquipmentCalibration
- Verify8urn-in8omls
- VerifyTest Tapes

• PRE4_HIPACTIVITIES

- Oevnctiv,PhysiudAnalysis_)
- Emrool V'noolSanto

- P_dioor_d*Fh Rim
- Tr_lity Vedfinatim

- PartI_:kaoino Vorificatm
- DetsPKkige Verification

- VedficetionReport

IMPROVEMENTSIN UNEVERIFICATIONMETHODS

RESIDENTACTIVITIES

• ADDITIONALSPECIFICATIONREQUIREMENTS

- DirectFailureAnalysisof SelectedS¢,mninoRejects
- ReviewPDALot FailuresandOkectConectiveAction

- ManageConfigurationChangeRequestTesting

• EVALUATECONFIGURATIONCHANGEREQUESTS

• REPORTSIGNIFICANTIN-PROCESSYIELDLOSSESWITH SCHEDULE
IMPACT

• ANALYZEDISCREPANTHARDWARECONDITION,WHENREQUESTED.
FORUSERTO ASSESS

• MONITORANDREPORTASSEMBLYANDTESTPROGRESSON
SELECTED"HOT" LOTS

• SUPPORTPROBLEMMANAGEMENTACTIVITIES

OTHERRESIDENTACTIVITES(NON.INTERFERENCE)

• MONITORPROCESSVERIFICATIONTESTING

• DIRECTSPECIALLOTTESTING

• PROVIDETRACEABILITYINFORMATION

RESIDENT ACTIVITIES

The resident teams are responsible to perform four types of
duties--

I) Verificationsrequiredby the drawings

2) Monitoring of the entireassembly, inspectionand test

activity

3) Finalverificationst ship

4) Supporting userproblems

The charts provide some detail reprding these activities. As
these activities are reviewed, it becomes apparent that they

have a similarity to the functions performed in managing the
procurement of equipment. It also becomes apparent that

these functions can be of great usefulness in supporting the
kinds of problems that do occur in processing complex semi-
conductor parts.

Improved line verification methods have become the heart

of the supplier management function within the Monitored

Line Service Program.

IMPROVEMENTSIN UNE VERIfiCATIONMETHODS

MONITOREDUNE, A MANAGEDSYSTEM

DOCUMENTATIONAPPROACH

• CDST/EFFECTIVEPARTDOCUMENTATION6ASIEDUPON_ "S"

• ABILITYTO ADONEWPARTS

REALISTICQUALIFICATIONREQUIREMENTS

• FLEXIBILITYTO RESPONDTO PROGRAMREQUIREMENTS
RAOIATIONREQUIREMENTS

• ELIMINATIONOF CDSTLY/TIMECONSUMINGLOT TESTING
SUBSTITUTE-

RESIDENTMONITORINGTEAMS
100% INSPECTING& TESTING

PARAMETERDRIFTSCREENING

DOCUMENTATION APPROACH

Monitored Line documentation has been designed and tai-
lured to work in the Monitored Line System. We mean by this

that full recognition has been given to the fact that there are
resident people in the field to manage the hardware.

Some of the documentation benefits that occur from this
are worth noting.

Qualification of new products, a verification that the prod-
uct can be manufactured and will conform to its specification,

can be performed in the field concurrent with a production
purchase (although with some risk).
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Specialtesttechniques(e.g.radiationcharacterization)can

be developed withthe suppliermore quicklywhileworking di-

rectlywith our fieldpersonnel.

Because experience and low failure history has demon-

strated that our extensive line verification performs very effec-
tively, we can confidently state that this function, is an accept-

able substitute for lot quality conformance testing.

IMPROVEMENTSIN LINEVERIFICATIONMETHODS

MONITOREDLINE.A MANAGEDSYSTEM
RECORDS/DATARETAINEDTO SUPPORTDOWNSTREAMPROBLEMS

• MASTERCOPIESOF DATAPACKAGES

* X.RAYFILMS

• DPASAMPLES

• MANUFACTURINGDATAFOLDERS(FOREACHLOT)
ASSEMBLY& TEST TRAVELERS

MANUFACTURINGTRACEABILITYRECORDS
REJECTPARTSFOREMERGENCYTESTING

• RECORDOFSHIPMENTFORALLPARTS

• DOCUMENTATIONCHANGEHISTORYFILE

Our line verification does not end when the parts are
shipped.

IMPROVEMENTSIN LINEVERIFICATIONMETHODS

STRENGTHSOFMONITOREDLINEVERIFICATION

• USEOF RESIDENTVERIFICATIONTEAMSRATHERTHAN ITINERANT
INSPECTORS

* STAFFINGTHE TEAM WITH ENGINEERiE _ TO MAKE
REAL-TIMEDECISIONSIN THE FIELO

• USEOFTHE SUPPLIERBASELINEAS THE VERIFICATIONDOCUMENT
ENABLESMORECOMPLETECONTROLOFMATERIALS& PROCESSES

• ABILITYTO SUPPORTUSERNEEDSWITH ACCIJIIAI"ETIMELYDATA

WEAKNESSESOF MONITOREDLINEVERIFICATION

• FIXEDCOSTFORRETAININGRESIDENTTEAMS

• COSTOF ESTABLISHINGA NEWSUPPLIER

• NOTAPPLICABLEFORLOW-VOLUMESPIECIAUTYPARTS

RECORDS/DATA RETAINED TO SUPPORT DOWN-

STREAM PROBLEMS

Our data retention capability also makes use of the line veri-
fication function.

In addition to retaining copies of the normal deliverable
data, our field activities also include retention of the wafer

traceability and SEM data, the assembly and test travelers,

and records of the results of our inspections. As an added fea-

ture, the "closed folders" retaining this data also include elec-
trical, x-ray, and visual rejects. This not only ensures that
these devices will be removed from the lot, but also makes

them available to perform special inspection or testing to sup-

port downstream part failure investigations. These records

will be retained for 15 years.

STRENGTH AND WEAKNESSES OF MONITORED LINE

VERIFICATION

The real strength of the Monitored Line System is the line

verification portion of the Program. We use a trained resident
team, consisting of a Quality Engineer and inspector to verify

conformance to requirements and a Reliability Engineer to

perform real-time technical investigations to support Quality
findings. This is the major contributing factor to the success
of the program. The strategy of performing line verification,

making use of the supplier baseline, has proven to be a suc-

cessful approach.

The weaknesses of the Monitored Line relates to the high

fixed cost of establishing new monitored facilities and main-

taining resident teams. The cost problem has the capability to

be relieved with greater volume.
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IMPRovEMENTSIN LiNEVERIFICATIONMETHODS IMPROVEMENTSIN LiNEVERIFICATIONMETHOOS

ALTERNATIVESTO MONITOREDLINEAPPROACH

MILiTARYUANPARTS

MILM.38510 CLASSB

I_M.38510 CLASSS

MIUS-19500 JANTXV
OmL-S-19500CLASSS

CAPTIVELINES

UVl"E6NATEDCmCU(TS

TRANSISTORS& moRES

AF - IdINUTEMAN,MX

NAVY- POLARIS,POSEI00N.TRIDIENT
HIGHOPERATIONSCOSTJUSTIFIEDBY LARGEVOLUME

PROCUREMENT

USERONAVflNGS

TWOAPPROACHES

PANTSMANUFACTUREDTO ORDER

ITINERANTSOURCEVERIFICATION/INSPECTION

PANTSPURCHASEDFROMINVENTORY

EXTENSIVETESTING/SCREENING

NO TRACEABILITYORPROCESSCONTROL

ALTERNATIVES TO THE MONITORED LINE

APPROACH

Captive lines typically have the resources to not only per-

form line verification with resident teams, but also to pur-

chase, ifnecessarythespecialf•ciUtiesneeded tooptimize rell.

ability. These operations •re justified by larse volume

production usually a4ulociated with missilesystems.

MIL/JAN lines do not require full-tlme resident verif'_a-

tion but could do so. The JAN fine verification approach relies
heavily on supplier capability and integrity, although the Class
S is continuing to become more effective by defining in-

process check points and utilizing more trained personnel.

Monitored Line is • subset of user dr•wings exceptthat typi-
cad line verification performed by other users utilized itinerant

rather than resident personnel. In the case of iarse procure-

ments,• residency may be established to support that activity
with no intent to maintain that function for other prolpram
U4_,

• IAISCSUKOIITRA_011USF.RS01:MmKIM_ LIE SBVlCE

MC_E ummo_
mmmup

IJ. _ IImA1MIIIB

mmm

CSIIMUIM1T0 _

El00 aClB_
lULlm
ImlEmBL TNBml Sllmm

• IION4.1_ USSIS0FI_IIT01_ Ui SGWIC!

MC0U
IlL LIEII_ ll_ Saint

mE
IEn51NllETTA

_lmm NTJ

MIEID M_ k B_Emlm
IIBNL E_IMla
IlmWt BIETII_

STRgUIE

I_T lIME TII
mllL_ ETLWDUD WITID TIINIIOLNIm
EUEII iIm_TllU

pARTSSUPIPL_TO_;0. SAFI_.IIAVY.MIOIUISAIqlOUAi

USERS OF THE MONITORED LINE SERVICE

An essential part of this discussion relates to the perfor-

mance of the parts and usefulness of the line verification tech-

niques to the users. As we pointed out earlier, this program
was designed to assist programs in solving real hardware

problems.

In the I0 years thatwe !_,e been providing this service, we
have delivered pans to neary 50 major aerospace users. These

defiveries have not been devoid of problems but the failures

have been few and the support provided to the users has
proven to he useful.

The fact that this number of companies have used the ser-

vice and then reordered, would indicate that the program has

achieved its performance and usefulness goals.
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ACTIVE MONITORED LINE PARTS/SUPPLIERS

The Monitored Line currently maintains active lines at four
facilities--

Texas Instruments -- Dallas, TX

Texas Instruments -- Midland, TX
National Semiconductor -- Tucson, AZ

Siliconix -- Santa Clara, CA

Since the inception of the program, we have suffered three

major facility moves. However, these moves did provide op-
portunities to review and improve our verification technklUeS.

MLP PART FAILURES IN EQUIPMENT JUNE 1973-
MARCH 19_3

One Of the objectives of the Monitored Line Program has

been to accumulate failure data with the interest of identifying
nssipable causes in order to eliminate them. Our success in

accomplishing this objective can be observed with regard to
two entries in the chart -- 36 Hybrid IC Conductive Particle

failures and 67 Digital Oxide Fault failures, accounting for
nearly half of the failures.

The first problem was eliminate in 1976 by modifying the
wire bonding and lid sealing processes, and maintaining those

f'utes. The second problem was more subtle since it involved

flaws in the oxide under the metal where they could not be de-
tected by visual inspection. After much analysis, we were able

to develop an electrical test which provided failure precursor

information. This test was incorporated into our specification
in 1978.

It should be observed that through process control, we have

not yet experienced a wire bond failure in any IC and have
seen only 16 conductive panicle failures other than the 36 dis-
cussed above.

The low failure rate shown here has been constantly da-

creasing as we eliminate problems and monitor to see that they
remain eliminated.

IMPROVEMENTSIN UNE VERIFICATIONME_

PARTFAILURESIN E_I_
All TESTL_LS

PROGRAMS

__TS IN LINEVERIFICATION_

MLP PARTFAILURESIN EOUIPME_
ALLTESTLEVELS
ALL_0GRAMS

OllltW I OPI m OPI

BIIIIIi l•J• • I i I • I

Ii BI I i I I I •

IImiUIi I • I • I I •

_ IiIiIi I I I I I I I

I _ I I I I I I

mll IIil

I I_ I I I I I I

I IIUI I I I l ! N

I I • M • I • I

JUNE 1073 -MARCH 11

_i_ I I l I I I I

*_..m, I I I I I I I

_" I I I | | I I

_i_ I I I I I I I

i _ I I I I I I

_I II I I I I l I

I _ l I t I II B
I

J_E 11 T_W ICH II

MLP PART FAILURES IN EQUIPMENT -- JUNE 1980-
MARCH 1983

This ma.t_ clearly shows that through Program maturity,
and a constant striving to identify and eliminate failure mech-

anisms, a continuing lower failure rate can be achieved.

Even more significant, there ere no concentrations of fall.

ures that can be readily associated with assignable causes.
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IMPROVEMENTSIN LINEVERIFICATIONMETHODS

PERFORMANCEIN EQUIPMENT(10 YEARSOFDELIVERIES)

• APPROXIMATELY5000 LOTSDELIVERED

• ONEKNOWNRETROFITFORLOTRELATEDPROBLEM

LOT PASSEDSEMSAMPLE(METHOD2018) BUT HAD BADMETAL
COVERAGE

• MOSTFAILURESOCCUREARLYIN TESTPHASE
INITIALEXPOSURETO NEWENVIRONMENT

• SIGNIFICANTPROGRAMCOSTREDUCTIONBECAUSEOF FEWTEST

FAILURESANDTHOSE,OCCURRINGEARLYIN THE TEST CYCLE

• TWOREPORTEDSYSTEMTESTLEVELFAILURES
CONCLUDEDTO BE NON.LOTRELATED

• NOREPORTEDOPERATIONALFAILURES
OPERATIONALLIFEAS LONGAS 6 YEARS

PERFORMANCE IN EQUIPMENT (10 YEARS OF
DELIVERIES)

Several conclusions can be drawn from this data justifying
the Monitored Line approach.

1) It is possible, through a managed program, to essentially

eliminate part failures, even on complex semiconductor
devices.

2) Rigorous process control and maximum use of 100%

screening can produce parts sufficiently failure-free and

homogenious to preclude the need for costly and time
consuming lot testing.

3) Utilizing the supplier baseline as the basis for supplier

management is a viable approach.

SUMMARY

The Monitored Line Service Program was constructed

around the framework of strong line verification.

The organization and expenditure planning placed primary
emphasis on the field activities.

In the course of operating the program, it was found that

the supplier Baseline document was the key to supplier man-

agement. The line verifications process was greatly enhanced
by the use of this document.

Outstanding performance of the parts and continued use by
many Programs and companies confirms the success of our
approach.

IMPROVEMENTSTO LINEVERIFICATIONMETHODS

OBSERVATION

MANYOFTHE PARTDEFICIENCIESTHATWE CONTINUETO OBSERVEARE

MORERELATEDTO SUPPLIERMANAGEMENTTHAN TOSPECIFICATIONOR
TESTDEFICIENCIES.

CURRENTPART PROCUREMENTPRACTICE CONTINUESTO RELY ON

THICKERSPECIFICATIONSANDPOST-SEALTESTPROGRAMSFORACHIEV-
INGRELIABILITY.

CONCLUSION

rr IS CONCLUDEDTHAT GREATERRELIANCESHOULDBE PLACEDUPON

SUPPLIERMANAGEMENTUSINGLINE VERIFICATIONTECHNIQUESSUCH
AS HAVEBEENSUCCESSFULLYDEMONSTRATEDON THE MONITOREO

LINE, TO ACHIEVE THE DESIREDRELIABILITY OF COMPLEX SEMI-
CONDUCTORPARTSFORUSE IN SPACEPROGRAMS.

IMPROVEMENTSTOLINEVERIFICATIONMETHODS

SUMMARY

CONTINUINGINCREASEIN COMPLEXITYOFSEMICONDUCTORPARTS
HASLEOTO A REDESIGNOFTHEPARTPROCUREMENTSYSTEMTO
EMPHASIZELINEVERIFICATION

THE MONITOREDLINESYSTEMWASDEVELOPEDHAVINGTHE
FOLLOWINGATTRIBUTES

1. CENTRALPROGRAMMANAGEMENT

2. PRIMARYFOCUSON SUPPLIERMANAGEMENT

RESIDENTTEAMSMANAGINGLINEVERIFICATION
USEOFBASELINEMANAGEMENTIN THEVERIFICATION
PROCESS

3. PLANNEDSUPPORTTO USERS

THE MONITOREDLINESYSTEMHAS DEMONSTRATEDTHE
EFFECTIVENESSOF ITS LJNEVERIFICATIONMETHODSTHROUGHTHE
10 YEARPERFORMANCEOFDELIVEREDPARTS
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SOFTWARE FAULT TOLERANCE

BENEFIT TO SOFTWARE QUALITY
ASSURANCE

Gerard E. Migneault

Fault Tolerant Systems Branch

NASA-Langley Research Center

Hampton, Virginia

In the recent past there has been

an increasing amount of attention

paid to fault-tolerant computer

systems. The attention has been

motivated by ever increasing

requirements for reliability of the

systems--in particular, for levels

of reliability greater than tho6e

of the separate components which

constitute the systems. In the

case of hardware, various

structures, often tailored to

applications, have been and are

being proposed for the purpose of

introducing redundancy in a well

structured manner--redundancy which

is a necessary condition for fault

t olerance. The mathematical

analysis of such systems goes back

at least to Shannon's 1951 paper on

making more reliable switching

systems out of less reliable

switching relays. And the concept

is certainly older. Witness the

ubiquitous spare tire!

Only recently, however, has an

analogous concept been seriously

proposed for software. The

belatedness is undoubtedly because

of the non-physlcal nature of the

software object. The concept of

reliability, which conventionally

pertains to the physical

degradation of systems, has had to

be perceived from a different

viewpoint. Thus, software

fault-tolerance schemes address

themselves to system failure modes

due to design flaws within the

structured interconnectlon of the

software system components as well

as tO design flaws within the

components.

There is a potential for

application of software

fault-tolerance schemes to the

objectives of software quality

assurance programs. In particular,

software fault-tolerance system

designs can be proposed apart from

any consideration of their effect

on system reliability, with the

objective in mind of furthering the

assurance that the quality of

software will not degrade with the

passage of time after the system is

operational. Note that even though

software is not physical in nature,

such degradation can come abuut as

a consequence of maintenance

actions which, while ostensibly

meant to correct deficiencies,

often introduce further "bugs" in

the software. The fault-tolerance

techniques can also contribute

indirectly to the same goal by

providing a means for controlllng

life cycle costs, thus freeing

resources which can be_ applied

directly to providing a higher

quality product. In addition, the

techniques suggest a mechanism for

conveniently introducing

performance improvements into a

software system after it is

operational. Presently, there is

no such convenient mechanism;

modifications to an operational

software system which are proposed

in order to provide desirable

performance improvements but which
are not mandated in order to

correct an intolerable deficiency

within the system present an

obvious dilemma to the msnagemsnt

of an operational project.

Moreover, the management functions

required to control and resolve
such dilemmas are an additional

overhead cost which one might hope
to reduce. To illustrate the
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preceding assertions, consider two

widely known schemes, the Recovery

Block scheme and the N-Version

Programming scheme.

The Recovery Block scheme, depicted

in Figure I, is a standby sparing

concept. The difficult aspect of

the scheme is its implementation

details which are not discussed

here. Conceptually the scheme is

straightforward. A function is

implemented in a number of

"dissimilar," redundant modules

which are referred to as the Prime

module and Alternates I, 2, etc.

During operation, the outputs of

the Prime are contlnually and

dynamically examined for

acceptability by another module,

called the Acceptance Test module.

As long as the outputs are deemed

acceptable, the Alternates remain

unused spares. When an output is

not acceptableD the Alternates are

called in turn until an acceptable

output is found or until there is

no Alternate left. Implementation

details of the Recovery Block

scheme provide for nesting of

Blocks within Blocks so that when

no acceptable output can be found,

a Discrepancy Return to a higher

level Block occurs. If the higher

level Block also contains

redundancy, the process continues

on the higher level. Of course,

there is eventually a point, an

outermost level, at which there is

no more redundancy, and at which

the computer system must await

external intervention. What

percentage of the time this outcome

results in system failure depends

upon the application and external

variables. Also, there is the

po6sibility that erroneous outputs

are not detected internally, and

that the system fails without

warning. Assuming independence

among the modules, Figure 2 depicts

the relation, in one cycle of

operation of a Recovery Block, of

system failure probability to the

amount of redundancy (i.e., number

N of alternates) and to the

percentage of Discrepancy Returns

which can be salvaged by external

intervention (e.g., pilot action).

The efficacy of the redundancy

scheme is clear for the cases when

the percentage which can be

salvaged by external intervention

is small. More detailed

examination of the reliability

implications of Recovery Blocks can

be found in section 4 of NASA

CR-172122, "Development of Software

Fault-Tolerance Techniques."

The N-Version Programming scheme,

depicted in Figure 3, is an active

redundancy scheme analogous to NMR

multiprocessor hardware structures

such as the SIFT computer on test

at NASA's Langley Research Center.

It is even simpler in concept than

the Recovery Block scheme. A

function is implemented in N

dissimilar modules (i.e., N

versions). In operation, the

outputs of all the modules are

examined by Consensus modules which

form the input to a next stage

(i.e., rank) of function modules.

Assuming independence among the

modules, the relation between the

error rate of a stage to the error

rates of the component software

modules, the number N of

redundant modules and the number M

of executions of the stage per

second in an application is

depicted in Figure 4. (A detailed

development of the relation is

contained in NASA TM 84546, "The

Cost of Software Fault Tolerance.")

Clearly, software fault-tolerance

schemes are intended to increase

the reliability of systems

containing software. What is not
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so obvious is that they also offer

a promise of assistance in cost

control when they are not required

for reliability purposes. Figure 5

depicts the interesting fact that

different '"ougs" within a software

module have different (increasingly

less) probability of causing a

mdule error (per execution) and

hence are increasingly difficult
and INCREASINGLY EXPENSIVE to

detect and remove prior to

operational delivery of the
software. What this means is that

there can come a point where the

cost of one module of given

reliability is more than the cost

of several less reliable modules

which achieve the same system

reliability by virtue of a
fault-tolerance scheme--the

software equivalent of Shannon's

reliable system of less reliable

relays.

Finally, software systems have
another characteristic of note.

After a software module has

generated an error, it is none the

worse off than it was before. That

is, the fault that caused the error

was always present. If the

software served its purpose before

the error occurred, there is no

reason to suppose it will not

continue to serve its purposed

after the unique condition which

caused it to err has passed. As a

consequence, after an error has

occurred, and been tolerated by the

fault-tolerance system, there is no

overwhelming reason to perform any
maintenance functions. If the

system was designed to the required

reliability level, it can even be

considered unwise to perform

maintenance actions which could

alter the achieved reliability

Iev el.

Thus, from the point of view of

Software Quality Assurance goals,

the strategy of encouraging systems

to be designed to achieve their

reliability goals by means of

fault-tolerance schemes practically
eliminates the need for maintenance

during the operational life of the

system. This eliminates both a

source of software degradation and

an element of life cycle cost.

In addition, the nature of the

Recovery Block scheme, which allows
the Alternate m_dules to be of

degraded performance capability,

can be turned on its ear, so to

speak, and utilized to allow the

creation of a Prime module which is

a null module. In this manner a

blank space can be effectively
reserved for insertion of the

eventual "Improved" algorithm.
While the new module would have to

be validated separate!y_ it might
be possible to avoid total
revalidation of the rest of the

system, an effort which would
ordinarily be required to ensure

that system reliability had not

been degraded by the "improvement."

Thus the management dilemma

previously referred to would be
alleviated if not eliminated.

Admittedly, the benefits to

Software Quality Assurance programs

which have been suggested above are
presently only potential.

Moreover, the suggested strategy

encroaches upon the territory of

the system designer. However, the

system goals of the design staff

and the quality assurance staff are

not in conflict here, and the

benefits, if they can be realized,

appear significant.
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AN INTEGRATED SO_dARE QUALITY

ASSURAh_E ;_ND METRIC PROGRAM

C.L. Carpenter, Jr.

QA Project Administrator

General Dynamics/Convair

G.E. Murine

President

t._triqs, Inc.

INTRODUCTION: Software quality
programs, as we understand them

today through either the literature

or their practical application, are

primarily process oriented. They

evaluate process-related functions

and activities such as standards,

reviews and audits, milestones, and
schedules. These functions and

activities are measurable to the

extent that they exist, are

adequate, and compliant.

LL__P measure of _ne software product

and its quality poses a

significantly more difficult

problem. In todays environment such

measurements are binary and

generally consist of technical

requirements verification and

validation testing. The software
either satisfies or does not

satisfy some requirement-in many
cases ill-defined. This is not a

measure of the actual software

product quality, in that it does

not guantifiabl_ measure, in a

continuous iranner, specified
quality attributes of the software.

The role of Software Quality

Assurance (SQA) typically involves
verifying that technical software

requirements have been satisfied.

In most cases, this ,_ans ensuring

that the software enG product

includes all specified functions

and that it meets performance
requirements.
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_hat it has not meant, until

recently, is that the quality

of the software product also be
verified. And this is not without

understanding. Little effort has

been made by the software

community to actually define what is

meant by software

quality or to provide for its

evaluation. Neither have many
customers or users ever included

soft, are product quality provisions

in a purchase order, beyond that the
software should work-whatever that

means. Nor do current government or

commercial software standards

require product quality definition
or verification. What is not

realized by the software corm.unity

at large is that current gover_.._ant

standards and Data item Description

(DID) documents are repleat with
measurable conditions or

characteristics that actively

contribute to some degree of
software excellence. This should

suggest that the SQA function, as we

now understand it, is only capable

of doing Dart of the job.

If this were the case, then the

traditional SQA role must be

...._,,_._. _ a new software

product evaluation methodology-

Software Quality _trics (SQM).

Current SQA product associated

activities are aimed primarily at

verifying that software functional

and performance requirements have

been satisfied. S_ goes beyond

this limited application. SQM

provides for continuous evaluation

of the software product throughout

each incremental develo_nent phase

to measure degree of accomplishment

of pre-defined quality goals. Thus

by c_rbining the traditional SQA

approach with the new S_

methodology, we are now able to not

only verify tecnnical requirezents
but also to define and evaluate

actual software product quality.



SQM, similarly, supplaaents the
trad i t ionaI SQA requirements
verification approach. By
specifically iuenti fying and
select ing unique sof tware
attributes, the SQM_thodology can
be used independently to more

precisely evaluate the software

product. Rather than 3ust verify

funct iona I or per fomr,ance

requirements, the software
technical effort can be examined

more rigorously and in greater
detail to evaluate its

accomplishment. This supplemental

approach also faci iiates

establishing short term measurable

quality objectives. Coupled with

the usual SQA verification, SQM

provides another dimension to

evaluating software.

THE PROBLEM: As previously
mentioned, the current software

MIL-STDs and Data Itam Description

(DID) docu_.ents contain nun_erous
references to various attributes of

the software that provide or
determine a desireC characteristic.

Yet these are rarely considered as

either "design to" or "quality"

requirements. When envoked all

requirements of the MIL-STD or DID,

must be satisfied unless

specifically excluded. This would

imply that a SQM program is needed

to i) properly identify specified
attributes, 2) to select those

attributes the soft,are must

include, and 3 ) to evaluate

continuously the software product
as to the extent those attributes

are being achieved.

IMPLF_/_LNTING THE SOLUTION:

Background- The subject of SQM is
not new. From its initial

suggestion by Hartwick and Rubey

(I) in 1968 to the development of a

practical application methodology
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by Murine (2) in 1979, SQM nas been

the target of skeptics and

supporters alike. It has left a

trail of contributions to the

software engineering comnunity with

classical analysis such as the works

of Boeb_n (3) and Gilb (4) .In large

15art, it has been the motivation

behind the Joint Logistic Commanders

proposed military standards for

software - MIL-STD-SQAM and MIL-STD-

SDS. In general, the subject of S_'_

has had a beginning of uncannon

exposure to a community of critics.

The twelve currently accepted set

of software quality factors is the

set proposed by Murine in 1979 and

patterned after those of McCall and
Walters (5) in 1977. The

definitions used by Murine, McCall

and Walters are in general basically

the same as those given by Boehm

in 1973, and are widely accepted

by the so ftware engineer ing

community, we would not suggest any

major deviation from these
definitions due to this some_at

universal acceptance and to their

quantifiable nature.

All the factors are defined in a

fashion suitable to maximum -

minimum theory. They peg in
"The extent to which ..." or "The

effort required ..." thereby

enabling the analyst to

determine a degree of compliance

and in turn quantify factor
cond ition. For the sake of

completeness, we include the twelve
factors and their definition in

Table I.

Each factor is measurable by

quantifying ihs constituants called

"criteria". For exa_le, a score

for correctness is obtained by

measuring the attributes of the
so ftwa re which cons titute

correctness; namely traceability,

completeness, and consistency.



TABLEI: SOFTWARE QUALITY FACTORS

Correctness- Extent to which a

program satisfies its

specifications and fulfills the

user' s mission objectives.

Reliability- Extent to which a

program can be expected to perform
its intended functions with

required precision.

Efficiency- The extent to which a

computer program uses minimua

resources to perform a function.

Integrity- Extent to which access

to software or data by unauthorized

persons can be controlled.

Reusability- Extent to which a
program can be used in other

appl ications-related to the

packaging and scope of the

functions that programs perform.

Usability- Effort required to

learn, operate, prepare input, and

interpret output of a program.

Maintainabilit),-Effort required to
locate and fix an error in an

operational program.

Testability- Effort required to
test a program to ensure it

performs its intended functions.

Flexibilit?- Effort required to
modify an operational progr&a.

Portability- Effort required to
transfer a program from one

hardware configuration and/or
software enviromnent to another.

Interoperability- Effort required

to couple one systaa with another.

Intraoperabil ity_ Effort required
to totally communicate between

software components.

Integrating SQA and SQM: There is a

neea to com_1_n-6 _ SQf.Iana existing

SQA programs into a Software Quality

Assurance and Metrics (SQAM) program

without causing total disruption of

existing programs. The need is

clearly recognizable and certainly
not new.

The m_)st difficult problem in

certifying software for flight or

ground support use is assuring its

quality. A cardinal principle of

system failure analysis is that
hardware failure maybe due to

component deterioration or design
errors, while software failures are

almost always design in nature that

can be detected only under certain

operating conditions. Post-release

validation provides no more

assurance of the software's quality

or effectiveness than does

conscientious review and control

during design and development.

Responsible developers of computer

systems long have understood that

complete testing and verification of

complex systems under other than

actual conditions i_ L._ractical and

prohibitively expensive. It is,

rather, the common industry practice

to ver ify major functions of

software syst_s with relatively

simple testing, and to rely on the

sophisticated customer and his

resources to ultimately discover and

correct any latent errors. These
facts suggest that the Government

should further encourage the quality

control of flight and ground support

software early and throughout the

development cycle.

software quality, the degree to

which a software product Possesses a

specified set of attributes

necessary to fulfill a stated

purpose, has two aspects: those

attributes required, and the extent

to which they are achieved. The
assessment or measure of this

achievement reflects the level of

quality. Once a computer software

product is developed, its quality is
established. It doesn' t change

unless the computer program is

altered. Testing, in of itself,

does not improve the quality of the
software. It must be built in from

the beg inning and continuously
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measured throughout development.
The level of quality achieved in a
software proauct is determined
pr imari ly by the development
process followed, the standards
used, and the controls implemented.

These three elements in consort

constitute the software quality

program. Such a program must

emLxx_y those functions, activities,

and processes necessary to provide

a software end product that

satisfies predef ined, technical
regui r_nents and qua Iity

attributes. In addition, to be

cost effective, the program must be

economically planned, tailorable,

and most importantly, be measurable

from both process and product

standpoints.

IMPLEMENTING A SQAM PROGRAM

In this section, we will outline

the steps taken in implementing a

SQAM program on a major tactical

military project. As far as we
know this was the first actual

application of an integrated SQA

and SOM program. At the time the

SQAM Program was initiated, a

Software Development Plan (SDP)

had been approved and the program

per formance speci fica tion

completed. The application software

was being developed under MIL-STD-

1679. Our SQ_%M approach to

measuring the quality of the

software product was first, to

identify the software goals, and

then, to select the appropr late
metrics from various sources. The

goals were extracted from the SDP,

as inferred by the soft_are

development team. Since MIL-STD-

1679 had been contractually imposed
and identified as the vehicle for

such software quality assessment,
this document became the basis for

the measurement quidel ines. The
metrics were selected to be

responsive to the contractual
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qual ity requirements and the

project' s pre-defined scope. In

addition, the reporting of SQ_I

measurements was made adaptable to

the existing SQA reporting system, as

part of the SQAM program.

A total of 217 requirements which

related to the 12 quality factors

were extracted from the software

development plan. A frequency of

occurrence of these requirements, as

they related to the software quality

factors (explicitly or implicitly),

was established and plotted (Figure

i). The three factors occurring

most frequently were selected as the

trial set of objectives.

8

• T1ESt_I_nrY

Figure i. Factor Frequency Chart.

The SDP document analysis provided
sufficient data for the software QA

and development team to establish an

unbiased ordering of the software

quality factors by group. The first

group, considered to be of the

highest priority, contained
the factors of correctness,

testability, and intraoperability.

From this group, a list of criteria

was defined which, themselves, were

measures of the three factors.
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These criteria were traceability,

car,pleteness, consistency,

simplicity, modularity,

instr_nentation, self-

descriptiveness, communications

ca_nonality, and data coLvmonality.

A final step in this systematic

approach to identifying software

goals and providing for their

measurement was to establish a

series of metrics for assessing

their accomplis_aent. Since MIL-

STD-1679 is not directly metric

oriented, it was necessary to

identify its individual

requirements, seperate them into

categories, and group the metric-

related requirements by criteria.

we believed this major undertaking

would complete the aeductive

association of contractual

requirements, to software quality

metric, to software quality goals.

A total of 416 requirements were

extracted from the relevant

sections of MIL-STD-1679 and

divided into four categories. The
distribution of the metric

requirements by category is shown

in Figure 2.

%'_' X
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Figure 2. Distribution of requirements.

The nine criteria directly related

to the three selected factors

contained 97 of the MIL-STD metrics.

Some criteria were found to be

without direct reference in the MIL-

STD. Additional metrics were

needed. From the Murine ,Metric Set,

87 additional metrics were

identified to support the defined

criteria (Table IZ). These metrics

had been used previously on similar

pro3ects and were selected in part
on this account. A final set of

metrics was generated fram _

various Data Item Description (DID)

documents.

Treble '.'-. Sd_'ted. ct'itg:'hl= m._e -_

UL.STD-II_ Mu_o
Cdtede MNt_ MeUl_ Metfk==

Completoneu 29 13 42
Cansltency 4 22 26
_i%, 't2 19 3 t

._ • 4a

Nm_me_mUa, 1 o 1
S_f.descr_Uveneas 37 13 50
Communk:a_

comman_ty 0 S S
Oet=¢ommo,uJty • 4 8

It was now necessary to identify

those documents upon which the

measurement of software quality

attributes would be performed. The

requirements definition phase was

completed and software development

had progressed well into the design

phase. The progr_ perfo.n_ance

specification and progra_ design

specification documents are prepared

and examined during the software

design phase - the progr&_

description document during the code

phase. These documents deszribe the
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software product and its quality

attributes. Accordingly, they were
selected for measure?ant.

and can be used as a

reduction tool as well.
benefits derived were:

ma3or cost

Some of the

SOME RESULTS FROM THE SAMPLE SQA_M
PROGR;%_I

AS an example, we now cite a few of

the results from the actual

application of the SQAM program.
We will limit our discussion to a

single CPCI over a single phase

(design).

For the particular CPCI, over 1700

SOM inspections were made whereby
242 software discrepancies were

detected (approximately 15% errors

overall). Of the 242 discrepancies

121 (50%) were priority 1 (line-

stoppers),Using GAO statistics,this

represents a $484,000 potential
savings for this single CPCI.

On the other hand, 73 SQA
discrepancies were detected for

this same CPCI during this phase,

In this case, 41 (56%) were

identified as major (category B)
discrepancies.

The results of this SQ_M analysis
appeared in the SQ_ evaluation

folder. The outline of the content

is shown in Figure 3.

Overall all SQ_M evaluation data

is kept in a SQ_4 evaluation
notebook whose content is listed in

Figure 4.

C_4CLUSION:

We have discovered that

incorporation of the Software

Quality Metrics methodology into
our SQA program has satisfied all

our initial quality objectives as

well as some not previously

contemplated. It provides a real,

positive quality impact on software

product development and measurement

* Meaningful product quality
measures.

* Frequent software quality measure

which permits timely detection of

errors.

* Project management visibility of

software quality during each phase

(not only at code completion).
* Much better documentation.

* A basis for objective evaluation

against the users requirements.

A. INTRODUCTION

B. SUMMARY OF RESULTS

2.1 CRITERIA SCORE SHEETS

2.2 METRIC SU;'_q%RY SCORE SHEETS

2.3 DISCREPANCY REPORTING

C. METRIC EVALUATION FOCUS

3.1 TRACEABILITY

3.2 COMPLETENESS

3.3 CONSISTENCY

3.4 SIMPLICITY

3.5 MODULARITY

3.6 INSTRUMENTATION

3.7 SELF-DESCRIPTIV_4ESS

3.8 COMMUNICATIONS CO_DNALITY

3.9 DATA CO_4ALITY

D. SOFTWARE DISCREPANCY REPORTS

4.1 SQM DISCREPANCIES

4.2 SQA DISCREPANCIES

E. DID-DI-E-2138 CHECKLIST

MIL-STD-1679 CHECKLIST

APPENDIX II: PPS REQUIREMENTS

PDS REQUIREMENTS

APPENDIX III: SQA DISCREPANCIES
FOR:

-DATA BASE DOCUMENT
(DBD)

-TEST SPECIFICATION
(TS)

APPENDIX III: METRIC/CHECKLIST
SELECTION CRITERIA.

Figure 3. Software Quality
Assurance & Metric Evaluation
Folder.
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* Early establishment of quality
goals which would not have been
considered until solodification of
code.
* Cooperative association with

software developers.

* Complete traceability from

evaluation to disposition.

* Measurable QA impact during

software development.

we have concluded that it is indeed

feasible and, in fact, desirable,to

include Software Quality Metrics as

a SQA tool to support manage_lent's
commitment to Improve software

quality.Even though the methodology

requires additional validation, we

have found it a valuable technique

for continuously monitoring the

pulse of software quality develop-

ment. Quantifying the measure_rent

of unique quality requirements is

possible and unambigously report-

able. Visibility of the software

quality process and product is

facilitated by use of SQM. It is

our reca_-_ation t/iat SQM become

an integral part of any SQA program
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II.

III.

IV.

V.

VI.

VII.

VIII.

IX.

X.

XI.

XII.

XIII.

XIV.

XV.

XVI.

XVI I.

DOCUM_T WORK CI_RTIFICATIO[_

DATA

PRE-CONTRAL-_ AWARD DATA

CONTRACTUAL DOCUMENT DATA

PROGRAM MANAGF_T DATA

DATA MANAGEMENT DATA

REQ(/IRF2MENTS &NALYSIS DATA

DESIC_N ANALYSIS DATA

DESIGN IMPLEMENTATION

(CODE) A_%LYSIS

LIBRARY PROCEDURES AND DATA

TEST DOCUMENTATION DATA

CDRL DATA

REVIE'_ A_ AUDIT DATA

SOFTWARE TEST DATA

SQA PL_ DATA

S(__.PLAN DATA
SOFTWARE PROBLEM TRACKING

NOTES

Figure 4. Software Quality
Assurance & Metric Evaluation.
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Software Design Inspection for Preliminary Design

John McKissick, Jr. Mark J. Somers Wilhelmina Rosenberger

Abstract

The continuing need for improved

computer software demands improved

software development techniques. A

technique for the inspection of pre-

liminary software designs is described

in this paper. Experience and results

from the application of this technique

are presented.

Introduction

Significant benefits have resulted

from the use of software design inspec-

tions at the completion of the Prelimi-

nary Design Phase. Deficiencies are

identified and corrected earlier in the

Software Development Process. Communi-

cation and education about the project

is improved. Productivity of new em-

ployees is increased. Early information

on the quality of the software design is
available. The net result is more

efficient software development and an
improved software product.

The Preliminary Design Phase is
described in the next section. This is

followed by a description of how soft-

ware design inspections are implemented.
Experience and results are presented in
conclusion.

The Preliminary Design Phase

The software development process we

use to develop computer software for

military electronic systems is illus-

trated in Figure I. This process has

been documented by John McKissick Jr.,
and Robert A. Price. (Ref. I)

The software requirements and the

interfaces between software and equip-

ment are defined before the Preliminary

Design Phase begins. This information

is documented in a Computer Program
Performance Specification (CPPS) and a
Hardware/Software Interface Control

Specification (ICS).

Figure I. The Software Development
Process

During the Prellminary Design
Phase, the computer software design is
partitioned into subprograms, and the

software requirements are allocated to

these subprograms. A preliminary design
is developed for each subprogram using a
program design language. This high

level design describes each function to
to be implemented by the subprogram.

The results of this activity are
documented in a Software Development
Notebook for each subprogram. (Ref. 2

describes Software Development
Notebooks.)



Software Design Inspections

Software design inspections are

conducted by a team consisting of a

system engineer, a software architect,

the lead software design engineer, a

software test engineer and a software

quality assurance engineer. Each team

member is assigned responsibility for

reviewing the design for certain

attributes.

The system engineer is responsible

for reviewing the design for correct

interpretation of the requirements and

correct implementation. The software

architect and the lead software design

engineer are responsible for reviewing

the design for accuracy, modularity,

completeness and consistency. The

software test engineer is responsible

for reviewing the design for

testability. The software quality

assurance engineer is responsible for

reviewing the design and design

documentation for compliance with

standards. The software quality

assurance engineer also acts as the

moderator and recorder at the design

inspection meeting.

It is necessary for all team

members to be briefed on their responsi-

bilities prior to the first design in-

spection. It is also important that

they know how the design inspections

will be conducted.

When a subprogram preliminary de-

sign is complete, the software design

engineer submits the design to the lead

software design engineer. If the lead

software design engineer concurs that

the design is complete, a software de-

sign inspection meeting is scheduled and

the design disclosure package (Software

Development Notebook) is distributed to

the reviewers.

Each team member reviews the design

from his perspective prior to the soft-

ware design inspection meeting. If any

team member has not been able to review

the design prior to the meeting, the

meeting is rescheduled.
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During the meeting the design dis-

closure package is inspected page by

page. All participants present findings

and questions resulting from their re-

view. The moderator/recorder chairs the

meeting and records deficiencies.

At the end of the meeting, the

software quality assurance engineer and

the software architect vote on whether

or not the design is ready for detailed

design. Both must concur for the design

to pass. No major redesign is the pass

criterion.

If the design passes, identified

deficiencies are recorded in the meeting

minutes, and corrective action is

tracked to closure by the software qual-

ity assurance engineer. The software

quality assurance engineer prepares a

response form for each deficiency iden-

tifed. The response form is given to

the software design engineer who indi-

cates the corrective action that will be

taken and the planned date of comple-

tion. The response form is returned to

the software quality assurance engineer

who later examines the Software Develop-

ment Notebook to assure the deficiency

has been corrected.

Results

The results to date have been im-

pressive. Four hundred ninety-two

(492) deficiencies were identified and

corrected as a result of thirty (30)

design inspections. These deficiencies

are categorized in Figure 2.

Two hundred sixty (260) of these

deficiencies were design errors which

were corrected prior to detailed design

and coding. The efficiency of the soft-

ware development process and the quality

of the software design have been

improved.

This early identification of defi-

ciencies results in a cost savings and

improved quality.



TO STANDARDS
34%

DATA BASE
UNDEFINED

!_2%..

DESIGN
ERROR

53%

REQUIREMENTS
UNDEFINED

ics Warfare Analyst Officer, he returned

to the Electronic Systems Division of GE

in Syracuse, N.Y. He has contributed to

the development of large missile guid-

ance, radar and sonar systems such as

ATLAS, MISTRAM, PAR, STR, OTH,

AN/SQS-26, AN/SQS-53, and AN/SQR-19. He

has served as a project engineer, reli-

ability group leader, assistant program

manager and technical manager. He is

currently the Manager of Computer Soft-

ware Reliability and Quality Assurance

and Manager of OTH Program Product

Assurance.

Mr. McKissick is a member of IEEE,

ASQC, Eta Kappa Nu and Sigma Xl. He is

currently active in NSIA Sofware QRAC,

ASA Software Assurance, and IEEE Soft-

ware Standards committees.

Figure 2. Deficiencies Categorized

References

Mark J. Somers received the B.S.

degree in Management Science and the

M.So degree in Computer Science from the

State Univesity of New York where he did

work in software quality assurance as a

Research Assistant.

1. J. McKissick and R.A. Price,

"Quality Control of Computer Software",

1977 ASQC Technical Conference Trans-

actions, May 1977.

2. J. McKissick and R.A. Price, "The

Software Development Notebook - A Proven

Technique", Proceedings 1979 Annual Re-

liability and Maintainability Symposium,

January 1979.

Biographical Material

John McKissick, Jr. received the

B.S. degree in Electrical Engineering

from Carnegie-Mellon University in 1954

and the M.S. degree in Engineering

Administration from Syracuse University

in 1967. Subsequent postgraduate

courses were selected in the areas of

reliability and computer software. The

General Electric Modern Engineering

Course was completed in 1972.

He joined General Electric in 1954

as a design engineer. After serving in

the U.S. Army in Europe as an Electron-

Mr. Somers joined General Electric

in 1982 as a Computer Software Reliabil-

ity and Quality Assurance Engineer. He

is currently contributing to the devel-

opment of the NSS, ASWCS, and OTH

systems.

He is a member of ACM.

Wilhelmina Rosenberger received the

B.A. degree in Mathematics from the

State University of New York, College at

Potsdam. She is currently working

towards the M.S. degree in Computer

Science at Syracuse University.

Ms. Rosenberger joined General

Electric in 1980 as a Computer

Programmer/Analyst, concentrating in

Graphics Display programming. She is

currently a Computer Software

Reliability and Quality Assurance

Engineer. She has contributed to the

development of the ERM, NSS, OTH, and

AN/SQS-53'C' systems.

She is a member of ASQC.

D-49



SOFTWARE %_
DESIGN

INSPECTION

FOR PRELIMINARY DESIGN

JOHN McKISSICK, Jr

MARK J. SOMERS

WILHELMINA ROSENBERGER

ELECTRONIC SYSTEMS DIVISION

GENERAL ELECTRIC COMPANY

KSIGN INSRECTI0il

• _ OFSIM INSRECTI01S

• IEOUlNEI[NT$ f01_ OFSI6N INSPECTIONS

• 11511;11 Ile;PECtl0N IL"I'NOIOLOGY

• S_ _$1M III_CTIOII RESULTS

SOF'TWNE O(SlGII INSPECTIOII

IHY _SIGX INSPECTIONS

CRITICAL PNOM.ERS IN THE $OFlIM_ OFVTLOPHEffT IlltJST_

1. O(_'_L0PlNG SOFT,M( [FFICIEIfTLY AIQ ON SCHE_JLE

2. THE Ot_LITY OF THE SOF'hlME D_[t.OPI[D

OFSIGN INSPECT I011

_51iiN IN_ECTIOMS

CONTRIINTIOR OF OFFEr' SOUItQ[S TO TOTAL OFRCTS

9(SIGN OFR[CT$ ISS

C0OIIE OFFTCTS 251

"S(C0m LL_Rt.° PfAO4tllqS 201

PlJLI CATIOM F.ImORS 711

OTHE_ n

9(516N PItOILERS ME THE UINGEST SOUII(_ OF OFFECTSJ

t

2/7/IB

2

2/7/15

SOF'IIIM _IGI IIEPI_I011

IIIV OFJIEII IIIPIG'IOII

PInEN N[YIE1i_ m IMI.I_HiOUr_IS (1_)

• SEEI_ MO IECOI_ ENNOIS

• INITIATES

OFSI_ INSI_CTI01_; (FOrmiC)

• I IB_PIEN_NT IEYI_NS

e SEKS _ HECO_ £1BOIS

• LISLESTMD_IZI_ CR[CIO.IST$ AIQ TECHNIMI$

• INITIATES AIQ II_PECT$ II_N

: _l _TEJ_RLY -- _TA C0f.LI[CTION

$

2/7/113

IL.EC'rnOWC

]

2/7/83

IOI_IM[ OF$Iill II!II_101

II_ OF$1111NIIIl_{l"ll
I |mmill

m

I
IIVlITII$ OF OFSlil IIg[OlOII

e F..IRLY PIIUESTOHETMT MIST OF P/ISSal

• ENILY OF'IECTION OF

• STATISTICS ON ENIOIL_

• COlnlllOIT]OII _ BIIQITION IIIOUT THE PROJECT

• ENILT IIFOII_TION ON TNE IIIILII_ OF THE OF$11111

_1 _$1M ]lrd_CllOl_ BIJClTE HEY EI_01_S Im

IRPIO_ TNEIR PNONCTIV 1_

S

2/7/13

D-51



®
IOFTtlM_ IE$1M II¢_T.£TIOII

IllOtlIBE_I_$ FOR IESIBR IllSPtECTIOMS

ESO-$_MACU_ _OUII_HEIfTS

• "JqSSBRMOEI_VlEVS MILL lie ACCOMPLISHEDBY

MIM[I_ TO_THER _ESPONSIBLE ENGEBE.ERSMITN

OL_IFI rn II_P[I_MT II_IEV CO_ULTMTS TO

EVALBRT(IHE I_O_CV OF IBE DE$1GIL_

OA MILL llq_AZECTBE$1ONSFOR TECHNICAL

J_F.gtkk_ NM CI31_LIklI(;I Vllt4 7HE _ STJVQJIFMS

NM PllOCe..at_$ IqW_L. °

llLJ:C-rnomc

7

2/7/13

-' mvmo_
O SOFTVN_ _$1gl4 |ICSTE£T$ON _t_c-momc

BESI6N IM$PECIION METH0_L06Y mrs'r_us

EDUCATION

• BRI(F /iLL OF THE PMTI(IP/UITS ON THEIR ROLE

• BRIEF THE PMTIClPANT$ 041THE REOUIlleIENTS

• ORiEF THE PARTICIPANTS ON THE CONDUCTOF THE IMSPECTION

• IIRIEF THE PMTICiPMTS ON THE F_.LON-UP

IALL PMTICIPMTS F4JST UNS£NST_ THEIR ROLE IN BESI_ I
IIIPECTIOI_ IqlOR 1"OTME FIRST iM_ECTION I

10

2/7/113

KSIM IIISPECT IM

I£$1GII II_PE_IOII IIETI4OUOI.OGy

eF.,SION IIM, ECI'IO_ M+TI4MOI.O_t

• PLM_I UG

• (_UkT ION

• PIE'PMATIOII

e III_[CT IO_l

• IM_PECTIOll BEPOIU

• FOLLOR-UP

ILI_OmC
mrs_z_s
D_VmO_

8

2/7/113

i®J 1$OPTVME BE$1gq II(5_CTION Zl.tC'_toI_:

0£51511 INSPECTION PlETHODOLOGY

PBEPMATION

e SQI_MJI[ 0A PREPME5 MBEOK ITEI_ N4) CHECI(1.1ST

I LEAD SOFTIM_ (NGIII_EA $CH_ULE$ THE RE[TING M_
DISTfllIIUTES 9(SIGN DISCLOSURE PACIMG[ TO THE

PMTICIPANT5

• ALL PMTI(]PNfTS R_I[W THE D(SIM FO_ THEIR

RESPECTIV_ RESPO_IBIL]TY I_lOIt TO TH( IqE_"TIUG

_HE 9(SI6N IS BEVIEI_D BY ALL PMTICIPNfT$]

HEFONE TI_ IflSPE(TI0_ I_[TIIIG |
J

11

ILION Illgt_T IOM

1(II611 III_ICTIOII IqETHIMO4.OGY

• BESI ilIATE PMTICIPNITS

• SYSTOIS EIMINEER

• SOF'T_ MtOJ[CT ENGINEER

• _ MCHIT[CT

• _ _E EBEIBEEI_

• _ ENGIIIEER

• _ TEST _II_ER

• _ _ EM61NEIEII

L icLIC'II_OI, nC

s_rrzus

9

2n/Lq

_+UIC _(SIGM INSPECTION

BE$1gq ]IIIPE_ION _qE'DI)_O_.OGy

IRSPECTION PEET INS

• b'TEP THROUGHTHE [(SIGN DISCLOSUREpk(_l(A6[ PkGE |Y PAG£

I ALL PMTIDIPMT$ PAE$(NT THEIR FII_IF._ OR OIrSTlO_

• THE IESIM IS EXMIHED AGAINST ITS SPEDIFI_TION

• BEFICIBICIE$ ME HECOI_ED

• THE DESI6N IS PNSsIrD OR FAILED

h.+_ ,_,o_i,,+_. ,,o,_,o_1 _
i /

12

20t_5

.)

D-52



SOFTWNIE _$1GN iNSPECTION

I_ESIGN INSPECTION IqETHOOOLOGY

• "DESIGN PASSES"

• REPORTOOCUPENTSALL DEFICIENCIES GND RECO_qEWAT|GNS

• "DESIGN FAILED"

• DEPORTDOCLIRENTSTHE REED POR RERORK_ DEINSDECTIOIq

13

2,'7/113

SOF'TI_AREDESIGN IN,SPE_IOR

i

[t.Ec-_omc
rrsTsus
mVlmONSLIOFROCA/_D(SIGN iNSPECTION RESULTS

SIIS_ROGRW_ SUOFIVI_kqs

PASSED FAILED

FIRST" I_L"T ION 1 12

_ CIIIQ IRSPECI"ION II 6

THI. INSI_CTION q 1

POURTH IIqSPECTlOll 1 0

_/IVEIU_G£ RURIER OF I RSPECT]OI_S/SUIPtlK)GIINI 2., I

16

2/7/113

SOFTMNt( DESIGN IRSRECTION

DESIGN INSIP_CTION Iq[TNOIX)LOGY

POLl.ON UP

• RESPONT_ _ ECJERATE_

• CORRECTIORSRRER_(

• LEAD SOFTI_E EI_IREEA DEVTEII5 _SIG1

• DESIGN IS HEI.EAS(_

• SOF')'II_J_EQA USES RESPONSE_ TO II_(_

THE DESIGN FOR CORRECTIONOF ALL DEFICIENCIES

i:ur c'lmomc

IR

2/7187

e'

Q SOFTVM_EDESlGR IRgPTCTIOASIJIPAOCdlM DESIGN IV_PECTIOW RESULTS

i

RU_R

OF

SFTCIFICATION D(FI¢IEI_IES

• REOUI_S IJI(F IHED

DESIGN DEFICIENCIES

e DESIGN EIW)R

• U_ln _ Imutrnm.u

• IION-o_qP%INIC; TO ST_

TOTAL

260

59

168

53

- j100

17

2/743 •

®i 9)FTII_I[ DESIGN IR_PECTION

SUI_RO_q D(SIGN IRSRECTION RESULTS

IKIIBER OF SUIDFeO(-R/_S 13

RGNDEROF ROgUUES 83

NUIqER OF DESIGN INSPECTIONS )0

NuIqER OF DEFICIENCIES IDENTIFIED _

i _Li c'r_oN1c

_r[xs
mvwo_

IS

2 ,'7_3

DESIGN IRSRECTION

SLIIPflOGNNq DESIGN IHSRECTIO_ _SULTS

THE BOTTI_ LINE

38 DEFICIENCIES IDENTIFIED PER 51JIPflO6RNq

17 DEFICIENCIES IDERTIFI£) PER DESIGN IASPECTION

_l C011CLLGI011 I
SOFTVk_[ DESI_M IRSP(CTIOR$

IDEIfflI"Y PROBLI_S EARLY

19

2/7t113

D-53



TV_LAT_T ONSTARS

KE,Nol'!

II;mH(la_ PWlR,_ A_AvC_ Assul,kIc_ Tla4ael.Ny F_ S_

R|$$|Oili_AsluIUtl_E

n]T_'

®
SOFTWARE TECHNOLOGY

FOR

ADAPTABLE, RELIABLE SYSTEMS

STARS

g_Ti_IW

• H0VLT_SSTAI5

• _sSlo_ A.mJv_ me STMS

e kCtnT kTIVITI|S Am Cumurr STATUSOFSTA_

MOTIVATION
i

* COMPtrlrEII ARE USENTU_ TO THE MILrrARy
MISSION

• 8OFlrWARE OFFERS FLEXIBILITY

• OoO M EXPERIENCING PROBLEMS IN

EXPLOmNG THE TECHNOLOGY

m SHUII'L|

0

I ! I ,,
lm Igr,S mo os_

WIOWlII IN iN_AIW AmCIIA_
SOFTWARE PlEQUmEm

, I
i I| M "

tON

i:I ' /../':_ I
J" .... IDssm |

oP_ / an,oC I

• ._,,--...,:....,;...../:, '

Gm IN NAVAL AmllO;g IIOF'tWAH!

eu,,n,,,0 SoIrrWARE/HAm)WARE . _ r u

-I /I - l

!l"'"-' / I,. ,.__,n_l;n.
_l _'_ "-i' -

• e OI

U M U gO ,,,,

M

D D-55



THERE IS

NO SINGLE PROBLEM,

@_'_.@ THEORY

tAl_,ttlkG_'tA_'_l_ METHODS

STRATEGY

• SPECIAL EMPHASISSEVEN YEARS

• BUILD ON EXISTING EFFORTS

• COORDINATE CURRENTLY
PLANNED EFFORTS

• AdaoWlLL SERVE AS FOCUS

O_ R A 11tAOEM_K OFT_ OEpAg_MENI'Of _

STARS GOAL
IMPROVEPRODUCTIVITYWHILEACHIEVING
GREATER SYSTEM REUABILITY AND

_- ADAPTABILITY

ACGUIII SOFTWARE THAT I$ MORE

• II_IIIM/L

• nIiMilu

• ADAPTABLE

MAKEDEVELOPMENTANO SUPPORTMORE

• Ca_l" EIq_'lWE

• IqmOICTAINA

OBJECTIVES

m vt_ L/vm
m /_ oFm

_nm

INITIATIVE
STRATEGY

m110N

_ I'IIIlON

_---_-- t
______;..__._.____o_,,___J ,-.,--

L__._ .... j.__._.__._o,__._

STARS FUNCTIONAL TASK AREAS

OBJECllVI| TABK AIqF.A8

\ _-01 _ il,;l

- 4 ---IU
System Technology Roqulmments

symm, Proper_s

• I_men_

• ,_epeeeity
• A.eo.eamy
• hc,,,,,_u
• FiR Tm

• Ag_wm_IW
• TOm,mO_Cmmwo_a_

D-56



)

OoD System Technology Needs

• Ana_ze _an_KI Symms 0nctud_g Uelor Upsrac_
• Oertw;ComOinatlo_ of _ V_ue_ NNded

OveqTim•
e UIm PfoteoftyC_mbim;tio_l to Ddve R&D Ifld tnform

• pm_e/pe, AmmSs.Oemommxtowt41'•el ftmmets
• Make Aest_8 AVOlleINefo_Wt4e(Re)th;e
• Us• of Resu.s Me_ Re4dNNdS

Systems Consoikistlon Phase

• Computer A_
• SyllhmmsSoltwlmJ
• Soh_m S_lW

• En_ronmootal Cor_wn8

• Focush_ R&D On Fu_._ Mh_on Nm_B

STARS Support Systems Objectives

Suppo_ Sy$_ms S;_I;_W

Supp_ SystemEnvironmentOrpnizxtlon

onm_

• Gm_m_ Tm

MAP'_E

|
i
i

1

Support Systems Strategic Concept

_ •,_,__. _/

Y.//I
_.,..,,.__t i t t _ t t

SOFTWARE ENGINEERING
INSTITUTE

• MAINTAIN A STATE-OF-THE-ART
SOFTWARE SUPPORT SYSTEM

• ENGINEER THE TECHNOLOGY

• PERFORM SYSTEMS INTEGRATION

• PROVIDE BASE OF SUPPORT SYSTEMS
EXPERTISE

• RESEARCH (UMrrED)

• EDUCATION AND TRAINING

r, SYSTEMS iNTERFACE STANDARDS
am_
ul-k

STARS PROJECT UNKAGES

I m .... ----

0 A SYSTLr_ _NCEMI (NOT JUST 10_IdNlI')

• ilk_41Lr_ IOAt.S AT Tm[ 0_ MIllION (hi. FVIlt[)

• _LINIIL|_ M9 _PTJ_ILI_f

II DI_FtlI_IITKllmS o_ SOIm_llt

• PPlI_

• FAUI*T _OI_NIATI_

• _ISIIOH SPECIFIC

) D-57



EUMILIIY

I k_ IN_ n* _[CIFICATIIII

• FAULTS, bUS, Am FAILA_|

• FAULT F_V_TIOO Am F_T T_teW¢[

S_I[_ AlIA °l[I.IJllLl1_ ° SUITG

• i_mJv_ T[$Tl_ _e k*_VSlS

• _1'1400_ FCN_FAUI.T-T01.|R_qT SYSTERS

• _IOTOTYPlI_ As A RELIAIIII.ITY Toot.

I _LT LIF|CYCL[ SOFTIMH _JALITY AISUmAmC!

• PA0C_I NeD P_mAN TIIAnSFO_nATI_m

_ VS. SI_CIFICATI0itS

STARS

MANAGEMENT STRUCTURE

I _, of_s_mmrmm _ •
Ii ill i I lililliilil i

I
I
I

i i i o
• . • |

|

I _1_ _ if _ll [OOIlIlIIII TlmttIOOLO•V

F/_I.T PI£WXTI{II

- QUALITY _111[IC_¢!1 -- I*lv _ERS41m_L /did To_l.8

* _ITY PI_CTI ** ImlRllA_l Me Flul.

* FMtX.T _TICTIm

I STATIC _Tlll NID _IU_IC TI|TIOO

• SlmL! _III_ATIm _D _TI_! RIPm[Si•/ATIOOS

- FAU_T T_AT_

• FIND Oil _ _UII

I FIX

FAULT

• [_m kv_cvloo

- Ih[NLT [XCI[PTIm

• lHoo kcov_r

- SL'UCl"IOO (E.S., _-vlEInl_ F_*_mlm|

• CONTINU_I _11_1III

* k_mc-_mm

- F_X.T TEumln

- _mliIM SI_lIT:M/_ECiMI•II41AATIOO

JUL 12

OCT82

NOV 82

DEC 82

JAN 83

FEB83

FEB83

ml8

HISTORY
JOINT TASK FORCE --
SOFTWARE PROBLEMS

STRATEGY FOR DoD
SOFTWARE INITIATIVE

JOINT SERVICE TASK FORCE --
REFINE PLAN

BRIEFING FOR JLC

BRIEFING FOR EXECUTIVE
COMMITTEE

WORKSHOP -- RALEIGH, NC

REVIEW BY NATIONAL ACADEMY
OF SCIENCE

REVIEW BY JLC/JDL PANELS

D-58



The Startup Mechanics in Assuring

a Realistic and Integrated SQA Program

Domenic V. La Rosa

Manager. Quality Management Systems
Avco Systems Division

1. Introduction - Software Quality Assurance

(SQA) is becoming a more common and under-
stood discipline within the framework of DoD

embedded software systems. More intense, clear
d,r,.,.,lon has been l,llla_ed within the govern-

ment, military, and the defense industry. There is
a wide awareness of the need to have viable, cost
effective software methodologies become a com-

mon practice in developing the sophisticated
software that is controlling the diverse applications
of C3, ATE, data processing, graphics and other

software driven functional applications.

2. Presentation Highlights - This presentation
gives a capsule digest of the evolution of the
Software Quality Assurance program within the

division. This SQA implementation process has
been unfolding for over three years and has ma-
tured very much. In terms of its actual growth
rwrl_= i* r_rr, b._ i._ h, "-,---, .- v...... j Ig a young ^.,^i ..... , ......_aLt Vlg;_,.g;l l k w ltl/t

clear growth signals programmed to develop into
a mature satisfying adult in the next two to three

years.

3. SQA Program Cornerstone - The cornerstone

to the Avco SQA program consists of three major
building blocks:

a. An integrated functional approach that
combines all elements of the software devel-

opment team (Eng. Configuration Manage-

ment, QA, Test, Program Office and Customer)
into a highly cohesive operation.

b. Formally structured software standards for
developing and controlling software for each

major discipline.

C. Total traceability throughout the develop-
ment life cycle to assure objective evidence is

available with proper V & V functions de-
fined and performed.

The material captures the tangible accomplish-

ments (e.g., policy, funding, traceability matrices,
Software Development Notebooks, and the tech-

niques and tools for performing realistic SQA.)
Perhaps more importantly, it stresses the more
subtle, intangible accomplishments, such as

item 3a above, for implementing an effective SQA
program. This includes extensive missionary work
to develop the rapport and level of acceptance for

SQA.

4. SQA Program Road Map - The features the
reader can gain from these graphical and narrative

viewgraphs are: A cookbook or road map on how
to go about starting a similar SQA operation; the
pros and cons of implementing each phase of the

process; and the major lessons learned in this
effort. The material concludes by defining the

awesome challenge on how SQA can become a
more scientific, measurable and contributing

force to the delivery of reliable software products.
This 3.5 year SQA journey at Avco has been laden

with some important and challenging hurdles, each
one necessary to resolve in the given order, to then
be in the correct position to advance the total

SQA program to its next milestone.

5. SQA Similarities - An interesting and some-

what surprising issue surfaced in implementing the
divisions's SQA program. Namely the basic objec- "
tives, approaches and discipline that the industry's
software engineering advocates are promoting are,

in essence, the same ones that are an integral part
of instituting a total SQA program. Examples of
this ordered and common approach are: It is

illogical to implement SQA audits of Software
Development Notebooks (SDN) without having

software engineering adopt use of the SDN as part
of its structured methodology. Similarly it seems

inappropriate to verify PROM masters without
first having well-defined baselined, library controls

as part of a functioning Software Configuration
Management organization. Another one is, to per-

form validation testing is non-profitable without
first having objective evidence of the system
requirements defined up front. These last few

examples clearly convey a very pointed message
"First things first", or another interpretation
would be, "You can't have one (SQA) without
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the other (Eng., SCM, test, documentation)." It is

quite apparent that as a company commits to

implementing a SQA program, it is in reality saying

that it will initiate integrated methodologies in

order to reap the benefits and justify the invest-

ment for establishing its total SQA charter.

6. Functional vs Organizational SQA - The SQA

program reflects itself not only as an organization

performing its critical V & V mission, but it also

serves a critical catalyst role, especially in a newly

established SQA program. The SQA organization

lays the foundation for instituting the tangible
features of SQA as well as being an overseer to

assure the total software development process is

clearly defined.

7. Total SQA Program - The implementation of

a total SQA program must address a critical require-

ment of "getting in early" and establishing a _,ame

plan for each software contract effort. This is l_igh-

lighted herein by the employment o r the Avco

Software Requirements Task Force. This group

consists of the key disciplines (pret ._rably at RFP

time), and defines the set of software management

documentation such as the Software Management

and Control Plan, and derivative plans of Software

Engineering, Software Configuration Management

and SQA. These events give a clearly delineated

direction of wha: will transpire throughout the

development process and provide all parties a

visible means of controlling and measuring pro-

gress. There are other tasks that complement these

and which are very pivotal in maximizing the soft-

ware process-quality and its associated reliability.

To the extent that the software process quality is

properly implemented, then it will decidedly

impact the resultant product quality and overall

reliability of the delivered product.

8. Future SQA Direction - The presentation

not only highlights the Avco approach and progress

in implementing SQA mechanics, but also alludes

to the voids that exist in having a totally mature

SQA program. These voids are not only apparent

in our SQA program, but when one steps back and

views the entire industry-wide software develop-

ment state of affairs, some startling similarities

and trends appear. The key one is the lack of a

sound integrated Software Development METHOD-

OLOGY. Many groups involved in software devel-

opment are echoing this theme. Until we establish

a methodology with quantitative, automated,

measurable, documented performance character-

istics, we will not reach our common goal of

developing proven reliable software products in a

cost effective, on-time basis. We must engage in a

concerted effort to have the process of software

development and its related fields of SQA, SCM

transition from a disjoint, art-based discipline to a

formally structured, integrated scientific-based

discipline.

9. Software Standards/Tools - Another dimen-

sion of a good software methodology is to have

standards available on how to develop, measure,

control and document a delivered software pro-
duct. These standards cut across all software

disciplines and are the fuel to an effective, total

SQA program. Another area of concern is to

acquire tailored, application-oriented automated

tools. Avco reports its progress and gives recom-

mendations on where we need to continue growing.

10. Summary - In summary, the three-year saga

of SQA at Avco has been an important period. We

have established a rapport with software develop-

ment organizations, promoted the missions neces-

sary to develop reliable software and established a

common goal of growing into a fully mature,

integrated software development team.
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OUALITY ASSURANCE

CHRONOLOGY OF OUR 3 YEAR SQA
SUCCESS STORY

TASK:

UTJ_t.m_SO SO_

g*r.lv_ Iml_c_Utv

O_w._o_O SGt _ATIO_

kPlqtOWO so_rwJJI_ POUCV

|ST_ SO_rTW_ i_¢x_e(rs TAIm

_VlWr_ _ m'S

I_OLVlU) I_t _0mG

HT_Sm[0 O_U.0GUE|

m_lEO ST_p

_l_/OmtD Im_ ¢m CO_TA_¢TS

p_OII_TI4) I_A ST k_mos

DmqNED tO_TW_I! IU_l_ml¢_

G_NERATEO _ liT JUk_J41qO_

WE NEEDTO PUT 'TEETH' TO SQA.

INTEGRATED SOFTWARE _

_! METHODOLOGY ,t_/'_'_/_._'_,

USABLESOFTWARE _\\_X/%_".
.ETR,CS _

OBJECTIVE EVIDENCE

The Bottom Line:
RELIABLE SOFTWARE PRODUCTS

._lmo

WE ARE 8EGINNING TO SCRATCH THE
SURFACE OF SOA

FUTURE OIRECTION OF SQA
EMPHASIZES ROUNDING OUT OUR

METHODOLOGY

• __ __

• _ ST_

• _TE _ IT_T

• _ _IAV_ _ _AM _

• _ _A_ _

jJ dJ
IT'S A SMALL WORLD AFTER ALL

r
..... .rd

D-65



ANATOMY OF A SOFTWARE QUALITY

ASSURANCE PROGRAM

IUS SOFTWARE

William R. Burr

Software Quality Assurance

Engineering

Boeing Aerospace Company

It is often heard that: "Software

is different, therefore traditional
Quality Assurance techniques used
for hardware do not apply,'; There
is some truth to the statement. Soft-

ware is different e.g., there is no

manufacturing by a separate organization_
the software production process is not

universally defined, software is

invisible, it exists in the memory

of a computer and we can only see and
feel the media on which it is stored
or manifestations of it in the form of

a listing of the program. However,
there are also a number of similarities.

Software is a product, it has a

requirement definition phase, a design
phase, a production phase and a test

phase. It can be identified as precisely
as hordware in its requirements and

design documentation. Manifestations
of it can be reviewed and inspected. It

can be part numbered and controlled to

the lowest component level. Therefore,

certain traditional quality assurance

methods can be applied and used effec-
tively. They do require certain
disciplines and control and that's the

rub. Granted, some unique practices are

needed for computer software; but an entire
new system need not be designed. Most

companies have a proven quality assurance

program for designing and producing
hardware products. While new procedures

for software quality assurance will
probably be produced and fine tuned over

a period of time, they will be based on

existing quality assurance concepts.
The Inertial Upper Stage (IUS) Quality

Assurance organization decided to concen-
trate on similarities between hardware

and software and use applicable quality
assurance procedu, es, modify some and

generate new procedures as deemed

necessary.

This paper describes the software
quality assurance program used by

The Boeing Aerospace Company for the

IUS spacecraft. The IUS is a
spacecraft designed to boost payload
satellites into a desired orbit

from a Titan or Space Shuttle Vehicle.
Functions such as navigation, guidance

and control, communications, mission

sequencing etc., are controlled by

an on-board computer. The primary

computer programs are the on-board

flight software, simulator software
for verification and validation of

flight software and software for a
test set to check out the entire !US

spacecraft. _here are lesser deliver-

able software items and the usual

array of support software, test software,

test aids etc. The flight software

and a compiler were subcontracted, the

remainder of the software was developed

by Boeing. The full scale development

phase began in 1978 and was the first

major software development under

MIL-S-52779 by Boeing.

The software quality assurance program
was designed to satisfy MIL-S-52779

using the frame work of existing
controls and techniques used by

Quality Assurance for hardware products.

These controls and techniques are
audit, review, inspection, engineering

release, configuration management and

the Boeing Integrated Records System.
The latter a formal system of records
and disciplines to provide progressive
evidence of hardware and software

completion and acceptance. Other
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features were also employed such as up

front planning and participation in
the software development activities,

computer program libraries, configuration

management and problem reporting and
resolution during development phases.

Traditional quality assurance and

configuration management concepts
and methods used for hardware deal

largely with the manufacturing and
inspection of the product. Software

quality assurance is concerned with the
development process; therefore consider-
able attention is given to standardizing

and inspecting the design and code

process. Disciplines such as config-
uration management and problem reporting
and correction are applied during the

development phase through Software
Libraries and Software Problem Reports.

The normal Boeing method for controlling
the manufacture of hardware may be

summarized as follows: Prepare

engineering design drawings, release
the drawing through the Engineering

Release Organization, at which time

they would be placed under program
configuration control, fabricate the

product as specified by an Integrated
Records System Work Order which
authorizes fabrication of the part and

specifies Quality Assurance inspection
points, and test the product as specified

by the test order. All software products
and modules are part numbered such

that they relate directly to the drawing
that identifies them. This was the

model used for the software program.

Since many of the traditional Quality
Assurance disciplines were unfamiliar

to the IUS software developers and
in turn software development peculiar-
ities were unfamiliar to most of the

Quality Assurance organization, it was
mandatory that Quality Assurance and
Configuration Management policy and

procedures for IUS software be defined,
written and disseminated to the affected

personnel as soon as possible.

The Boeing Aerospace Company had

existing policy for software QA which
needed to be tailored to IUS require-

re_t_, expanded to detailed procedure _

and disseminated to project personnel.

A Software Quality Engineer was

assigned to the IUS project. Software

Quality Assurance procedures were

prepared, coordinated with the various

IUS project organizations and authorized

by the Program Manager in the form of

IUS Program Directives. Software standards

were compiled and coordinated with the

BAC Software developers, the software

subcontractor and the customer program

office. Software development procedures

were developed in concert with the

software QA program. Thus, early

involvement of the Quality Assurance

organization was achieved. Another

advantage of early involvement was

customer recognition of the software

QA program. This resulted in a software

QA presentation at the regularly scheduled

program status reviews which in turn

gave visibility, status and authority to

the software QA program.

Using standard Boeing methodology as a
framework and adding a few innovations,
as necessary, a software QA program was

implemented. The software design was

documented in a preliminary C5 speci-
fication which was maintained in the

Engineering Development Software Library
after Critical Design Review (CDR).

(Current Boeing standards require that

software design be documented as a

drawing and subjected to program
configuration control after CDR). Coding,

unit testing and integration testing
were performed by the software development

organization and controlled in the

Engineering Development Software Library.

Two software libraries were established,

an Engineering Development Library and a

Quality Assurance M.aster Library. The

first library is used to control the
software in the development phases.
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Software is submitted to this library
after unit testing is complete. All
developing versions were maintained
and controlled by the software
Configuration managementorganization
which reports to the software
manager. The second library is
maintained by the quality assurance

organization and contains masters

and copies of released computer

program code.

Prior to formal testing, software

drawings were prepared that included

a parts list specifying the part
number and revision level of each

module, a procedure for software

system generation from source code,

a procedure for making copies and

verifying the copy process, labeling

requirements and validation require-

ments. The purpose of a software

drawing is to provide a formal

means of identifying, labeling and

controlling software design documents

and code. The drawing was released

with the computer program source

code through the engineering release

organization and a work order

was prepared to authorize, record and

authenticate the system generation

(software production) process. The

source code was released on magnetic

tape and was considered a part of the

drawing. Program listings were not

released at this time. Copies were

available in the library. The process

included making and serializing a

specified number of copies and applying

appropriate labels. All authorized

copies are stamped by Quality Assurance

to indicate they are verified as exact

copies although not yet validated.

One of the copies is designated as an

engineering master which is released

to the _ngineering release vault,

another is designated as a quality

assurance master, the others are

labeled as copies. The QA master

and the copies are placed in quality

_ssurance custody in a QA Master

Library. From this point on all officie!

copies are made from the QA master and

accounted for by the work order. Only

official copies are used in formal

testing and for delivery.

Formal testing is planned and conducted

by a separate test group reporting

to the software manager. Formal tests
are conducted under work order control.

Test p!ans and procedures were reviewed

by the software quality engineer and
other qualified personnel. Prior to

start of formal testing the computer

program being tested and all supporting
software is verified as being the
correct version. Evidence of veri-

fication can be possession by Quality
Assurance, an unbroken quality assurance

seal, check sum, comparison against
a master, computer printout or other

methods approved by Quality Assurance.
Supporting software and test aids were

previously validated or otherwise certified

by Quality Assurance and maintained in

the Quality Assurance Master Library.
Software media labels received a

quality assurance stamp at the successful

conclusion of formal testing indicating

that the software has been validated

and can be used or delivered as

required.

Reviews and audits were a part of the

software quality program. For the most

part, design reviews and reviews of

test plans were conducted both informally

and at the Preliminary Design Reviews

and Critical Design Reviews. Code

reviews were conducted by the Software

Quality Assurance group to ensure that

the code and the design documentation

were compatible. Code reviews compared

current program listing against "official"

design documentation.
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Audits were conductedon a quarterly
basis in accordance with an audit plan
that was prepared for the IUSproject.
The audit plan described the _ctivities
to be audited for eachdevelopment phase,
a checklist for the activities and a

description of the content and format

of the audit reports. Audits are

considered to be a very important

part of the software quality
assurance program because they

represent an independent formal

assessment of the software quality

program which can be used by the

software manager or the program

manager as a part of his intelligence

system.

Software problem reporting began
after completion of unit testing when
the computer program code was placed
in the Software Development Library.

Software problems are reported on a
Software Problem Report (SPR) form,

analyzed by the designer, the solution

is reviewed by the Software Change
Committee and a final disposition is

approved by the software manager. The
software manager chairs the change

committee which is an advisory

group consisting of members of his
staff and the software quality

assurance engineer. All changes
are coordinated with systems and

hardware designers to assure

compatibility. During formal testing

and beyond, software deficiencies

are recorded on a rejection form

(which is part of the Integrated Records

System) as well as the SPR. The

rejection form becomes an official

IUS project record of the deficiency

and its disposition. Non recurrance

action is planned, accomplished and

documented during the processing
of this form.

Inspection can be applied to several

software development activities.

Included in these are the computer

Drocr_ code and so_e of tho processes.

For IUS, inspection was applied to the

software production process and formal

testing. Software production, as defined

herein, includes the system generation

process and duplication of software

media. A typical quality assurance

inspection would normally be performed

by a semi-technical manufacturing

quality assurance inspector, Operations

such as witnessing formal testing and

standard tape duplication can be and

is often performed by functional test

quality inspectors at Boeing. Computer

program systems generation and some

of the more sophisticated media

duplication processes require the

presence of quality engineers

knowledgeable in computer software

skills.

Witnessing of formal testing is a fairly

standard process, but, inspection of

the software generation process is

not; therefore, a brief explanation

is in order. Prior to formal testing

of a computer program, it is important

that the configuration of that program

is accurately identified by released
documentation and source code both of

which are under formal configuration

control. IUS source code was released

and a _uality assurance master Copy

was provided to the Quality Assurance

Master Library. It is important to
control the source code at this time

because all changes to the computer

program must be reflected in source code

which is then converted to object

code and tested or retested as required.

Source code must not be allowed to get
out of control,
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Software system generation is a

process which can be accurately
described by a written procedure and
must achieve identical results each

time it is performed. Starting with
the correct baselined source code

and using the correct versions of
support software is fundamental.

Following a step-by-step procedure

is necessary to prevent mistakes,
as well as undocumented "tuning"

of the software or the taking of
"short cuts." Inspection of the

process can insure that the procedure
was followed and that the software

was generated as documented. It is

essential that a computer program
load be produced from the correct

versions of source code and support
software. The software build

work order appropriately stamped by

Quality Assurance adds traceability
and credibility to the pedigree of the

computer program that is ultimately
delivered to the customer.

One of the challenges of the IUS project

was to develop an effective quality
assurance relationship with a major
software subcontractor. The sub-
contractor statement of work

included a software quality assurance

section specifying a strong and
detailed quality assurance program.
A common software standards manual

was cooperatively produced which applied
to both in-house and subcontractor
software. Detailed software

quality techniques were exchanged
and the subcontractor was permitted

to use its own techniques subject

to Boeing approval. Audits were

scheduled on a quarterly basis to
evaluate the quallty assurance

program. The audits resulted in status
reports and recommendations for corrective

action, Prior to acceptance of the
software from the subcontractor, a

configuration audit was conducted which
featured a detailed review of

testing performed and configuration

records of the delivered computer
programs,

As can be seen from the above

description the quality assurance

program _cused on configuration
controls, audits, records and

inspection of the IUS software, all
of which are necessary, but have
little effect on the early detection

and correction of errors. Design
reviews were conducted at PDR and

CDR. The area of design review and
code review was highlighted as

requiring added emphasis within the

software quality assurance program.

New projects will incorporate design
and code inspection methodology which
has evolved with experience.

Design and code inspections are formal
Inspections, as contrasted with

Informal peer reviews or walk-throughs.

Early design and code !nspection
milestones will provide detection of
errors, statistics on errors and

early Information on the quality of
the design. Design inspections would
be q_andatory milestones that must

be passed before PDR or CDR and before

coding can be started on a computer

program unit. Code inspection is a
mandatory m|lestone to be completed
before unit testing is started.

The iUS software is currently in a
semi-production mode in which the

base|ined flight software is being
updated to add enhancements, specific

flight versions are also generated
for unique mission requirements. All

computer program production and dupli-

cation activities are witnessed by
quality assurance and the official
master copies maintained in the

Quality Assurance Master Library.

Delivery of the flight software
versions are made from copies that are

verified and certified as exact copies
of the _uality assurance masters.
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Both production and testing of computer

programs are authorized and recorded

via work order and are certified by

Quality Assurance. QA certification

is evidenced by a QA stamp on the

label of the software media (tape,

disk, card, etc.).

In summary, the IUS software

quality assurance program which is based

on the traditional quality assurance

structure at the Boeing Aerospace

Company is sound and provides the

required controls in the areas of

configuration management, problem

reporting, audits and witnessing to

ensure delivery of adequately tested

and certified software. There was

no attempt to "re-invent the wheel"

just because we were dealing with
software. While software has some

differences which must be dealt with,

there are also many similarities

to hardware which can be handled by

the normal procedures. It would

be unreasonably expensive to

completely redefine an existing

structure which has been proven

over a period of time and which most

people understand. By looking for

similarities, advantage can be taken

of existing facilities and procedures.

Modifications and new procedures need

only to be produced for the software

unique features of a quality

assurance program.
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LOGICON

PROPOSED MIL-STD-SQAM:

SUMMARY

WHAT IS IT?

This talk will present what MIL-STD-SQAM is and why there was a need for it.

It will begin with a brief description of the evolution of SQA and how a large

number of documents governing its implementation came into being. A partial

listing of SQA requirements documents and interpretative guidebooks/handbooks/

manuals will be shown. Several problems with implementing these documents will

be described:

o Lack of definitive requirements

o Differences in interpretation

o Conflicts between implementing documents

A new approach was needed, and work was undertaken to come up with one. This

approach, which resulted in MILDSTD-SQAM, will be briefly described.

Next, the role of the JLC in the production of MIL-STD-SQAM will be discussed.

The outputs of this effort will be described. The concepts underlying MIL-STD-

SQAM, its content, and the influence of this document on software quality

assessment and measurement will be described. Finally, the current status of

the effort will be shown.
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INTEGRATED SYSTEM OF COMPUTER-AIDED QUALITY ASSURANCE

G.W. Bancroft

Quality Project Administrator-Special Projects
and

T.J. Phillipp
Manager, Quality Engineering

General Dynamics Convair Division

General Dynamics Convair Division, like most

other aerospace companies, is developing a
computer-aided verification (CAV) capability. Our

goal is full integration with CAD/CAM systems to
ultimately be an integral part of the factory of the
future. We are well under way but much remains to

be done. This paper describes where we are now,
where we're planning to go, and some independent
developments necessary to pave the way.

As indicated in Figure 1, communication oc-
curs between our CAD and CAM activities via the

IBM mainframe. In the product design area, more
than 70 Computervision terminals are being used

to develop product configuration data bases for
selected portions of several current programs.

These data bases are being used to some extent in
the tnnl design and N/C programming areas. In the

CAM world the IBM also hosts a bank of Westing-
house controllers that run our direct numerical

control (DNC) machines.
The Quality computer-aided verification

(CAV) activity (Figure 1) is currently a stand-alone

system. More accurately, it is a collection of stand-
alone computerized elements. Figure 2 shows our

five-axis Bendix-Portage computer-controlled
coordinate measuring machine (CCMM). It is

uniquely capable of providing accurate
measurements of the complex, internally machined

Tomahawk cruise missile body sections.
Another CAV application, just now coming

on line after extensive use in R&D programs, is our
computer-aided ultrasonic inspection system
(CAUSS). The CAUSS is shown schematically in

Figure 3 and inspecting an experimental composite
DC-10 floor beam in Figure 4. This system is being
used to inspect composite structures for the Peace-

keeper (MX) missile, kevlar panels for the Boeing
767 engine struts, and Tomahawk GSE elements.

Figure 5 depicts a highly successful CAV ap-
plication, the solder bond evaluation system used

to inspect superconductor for a Department of
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Energy large magnet coil. A completely automated

production line machines a groove in a continuous
copper bar, inserts a titanium/niobium supercon-
ductor, and solders it in place. Our in-line ultra-

sonic inspection station detects and sizes solder

disbonds and the Interdata 610 computer integrates
the cumulative area over various units of length. A
signal is given when criteria are exceeded. Figure 6

is a photo of the station which has inspected more
than 20,000 feet of conductor.

Another computer application is the "paper-

less work instructions" system currently being
developed for our avionics production area (Figure
7). A network of Apple micro-computers display

work to technicians via CRT. in this system the
Quality Assurance Department "locks-in" verified
work instructions and indicates acceptance via a

secured code. The obvious advantage of reduced
paper work inherent in this type of system is sup-

plemented by the ease of change incorporation.
In addition to these CAV activities, we are

operating several computer-assisted CMMs.

Our near-term objective is to integrate our
stand-alone computerized equipment into a unified

system. As shown in Figure 8, a PDP 11-44 cur-
rently on order from DEC will download operating

programs to our CCMMs, including a DEA 2305
coming on line, and will collect data from all

Quality sources. It will analyze the data, implement
a preprogrammed sampling plan according to its
findings, and output reports and analyses. Because

of the complexities of the five-axis motion of the
HA-5, that machine had been programmed totally
in the self-teach mode. To avoid tying up the

machine for reprogramming caused by changes, we
have lined its 11-04 via a modem to a Harris 800.

Editing and changes are now accomplished off
line. This task will be transferred to the CAV host.

Our goal is to develop a system like that shown

in Figure 9. The IBM will provide current product
description, configuration control, and manufac-



turing planning data to our CAV host computer.
Using the data, Quality Engineering will develop
programs to instruct inspectors and/or run com-

puterized inspection stations of various types.
Parts will enter the inspection station and the

inspector will input part number, configuration
level, and lot size via the remote terminal. The

PDP I 1-44 will determine that the inspection pro-
gram it contains is of the proper configuration level

for the part to be inspected and will download the
program to the appropriate station. It will also tell

the inspector, based on lot size and embedded part
history, how many parts to inspect. Inspection

results will be continuously fed to the CAV host
computer which will dynamically update the
sampling requirements on a feature-by-feature

basis and forward them to the inspection station.
When inspection has been completed, the 11-44

will output, through the local printer, any required
defect reports. The data will be incorporated into
the part history file, analyzed, and processed for

Quality management reports and uploaded to the
IBM for use in the company-wide management in-
formation system.

The next six figures depicit some of the inspec-
tion techniques alluded to earlier as currently under

independent development.

Vi_ure l0 shows a precision-parts inspection
_tauon. beveral ver_lons of this system are current-
_ being marketed. They are designed around
Hewlett-Packard micros such as the HP 85, 86, or

87 and most incorporate statistical sampling
routes. We plan to link this station with the CAV

host for program storage and, more importantly,
for intra-lot dynamic feature sampling.

A current Convair research program is aimed
at adapting developments in missile guidance
technology to metrology. Figure 11 indicates our

objective to develop a computerized station to ac-

complish non-contact three-dimensional inspec-
tion.

While it will not be a CAV station per-se, the

on-line probe system shown in Figure 12 will be an
integral segment of the machined-part CAV
system. Data from this probe system will be fed
through the DNC link to the IBM host and on to
the CAV host. There it will influence the level of

subsequent inspection and the severity of the
sampling plan required.

In addition to the CAUSS system discussed
earlier, other NDT applications are planned.
Figure 13 shows an eddy current station. These are

all to be linked interactively with the CAV host
computer.
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Other areas of development that we think are
needed to pave the way for CAV integration are
listed in Figure 15 and are discussed below.

The kind of total integration we have been
discussing, using a common data base for CAD,

CAM, and CAV is, of course, part of the "factory-

of-the-future" ultimate goal. While most of us are
heading in that direction, none of us have yet arriv-

ed. One of the primary reasons is the predicament
we all confront in which ever-more-sophisticated,
stand-alone, computerized elements speak dif-

ferent languages. The development of a common
language, or at least a common interpreting inter-

face, is critical to further integration of CAV. The
development of such a language or interface is the

subject of a recently undertaken CAM-I project.

In the assembly area, auto.mated quantitative
techniques are necessary to determine that an
assembly has the right parts properly installed in

the prescribed location. In many applications such
as engines, aircraft fuel tanks, etc., to prevent

foreign - object damage (FOD), it is also critical to
ensure that no unspecified items are present.

The factory of the future will incorporate
totally automated cells or flexible manufacturing

systems. Many current concepts use an/n-line in-
spection station; that is, a separate station in the

flow path. Other concepts being addressed in in-
dustry allow on-machine verification to achieve
even further efficiencies and economies.

Results are needed from current efforts

toward in-line, real-time quantitative evaluation of
other NDT system outputs. An example is x-ray
film interpretation.

In other industries that use very-high-rate con-

tinuous process lines, expensive automated process
control systems make both technical and economic

sense. In the aerospace environment, where pro-
duction is relatively low rate, such systems are still
technically desirable but are usually difficult to

justify economically. Simpler automated process
control systems that can be integrated into the

CAV system are needed.

Further development of non-contact inspec-
tion techniques for precision parts should con-
tinue, and should include automated three-

dimensional image analysis.

Finally, to achieve a real, preventive quality
control within CAD/CAM, systems are needed

that can feed real-time quality information to the
designers, production planners, and associated

support groups. This means much more than time-



ly defect reports. An automatic "lock-out" of
defect-causing practices based on current produc-

tion experience should be built into the CAD
system.

Many of these computer-age concepts are be-

ing acknowledged and pursued in our industry. But
the limitless role of CAV can never receive too
much attention.
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Figure 2. Convair's Bendix HA-5 5-axis CCMM.
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Figure 3. Computer-aided ultrasonic inspection system.

Figure 4. Computer-aided ultrasonic inspection station.
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D-82

17053242.6A



TODAY INTERMEDIATE PROPOSED

f!_ Ladar (laser radar) dimensional inspection

,%,
Technology,= " " ' - i "

• Planned implementation -- 1986
Figure 1]. Automated dimensionoi inspection system.

• Dimensional inspection cost

reduced by 10:1

• Increased accuracy

• Computerized interpretation

• Real time results

• Readily adapted to

integrated manufacturing

system

170531768-2B

PRESENT

OMNIMIL_
GAGE READ BY

OPERATOR

PROPOSED

o

ELECTRONIC Z_-,._'_._' X .,.,.,4_.EASURE.EHT"-:_ r I

F,XTORE,.-._.._ I \\ \I_"LI I 3_,\
.J_ I I...._v /

OFFSETS ARE
AUTOMATICALLY
ENTEREDAND
CUBE IS ALIGNED

• Planned implementation- 1985

Figure 12. In-fine probe inspection of machine parts.

,_BENERTS _

V
• DECREASEDSET-UP LABOR

• INCREASEDMACHINE UTILIZATION

• REDUCEDSCRAP/REWORK

• REDUCEDRNAL INSPECTION

• MINIMIZED MACHININGRISK ON
CRITICAL PART FEATURES

17053242.15A

__ / CRUISE

Ip,'-:_:r::)//_'_l_/_..".'.'.'.'.'.'.'._"_.,,,,._-_] EDDY CURRENT / _

• Planned implementation- 1985
Figure ]3. Eddy current phasography.

D-83

,_, BENEFITS _

v
• HIGHERQUALITY SURFACEINSP

• MUCH MORE RAPID SURFACEINSP

• POTENTIALFOR FULLY AUTOMATED
INSPECTION& PROCESSCONTROL

• OBJECTIVEDEFINITION& CHARACTER-
IZATION OF CRACKS& FLAWS

17053242-16A



(---D

ULTRASONIC

X-RAY

-&oo: F,_

• Planned implementation -- 1985

MICROWAVE
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• Common language for inspection equipment

• Automated assembly verification techniques

• On-machine inspection techniques

• Automated NDT interpretation techniques

• Automated process control for low/medium

rates production

• 3-D image analysis for noncontact inspection

• Qualify data processing system to allow automatic
feedback to CAD/CAM

Figure 16. CA V developmental needs.
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ANOMALY ANALYSIS AND PROCESSING PILOT PROGRAM

UTILIZING A NETWORKEDCAD SYSTEM.

The objective of the Anomaly Analysis and Processing Pilot Program
is to determine the most effective level of utilizing a networked
CAD system within the existing nonconformance system. Several CAD
workstations will be placed in key locations within the factory
and will be utilized as an anomaly analysis and processing network.
A CAD workstation will also be placed in Liaison Engineering for
MRB analysis.

The results of the Pilot Program will be a recommendation for the
degree of implementation of a networked CAD system within the Manu-
facturing, Quality and Liaison Engineering environment.
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PAPERLESS QUALITY ASSURANCE
OPERATIONS

Thomas H. Poyer
Thomas J. Nolan

Robert V. Caine

General Electric Company

Aerospace Electronic Systems Department
Utica, New York 13503

INTRODUCTION

For some time we have been thinking about, talking
about, and in many instances doing something about the

"paperless factory" concept, utilization of robots, and
other innovations associated with the application of com-

puters in the factory for the end purpose of improving
productivity. Some systems are now available - and more

are evolving - which offer many opportunities for auto-
mating quality assurance-related operations. Many of the

advantages to be realized by implementation of automa-
tion in the factory are obvious. For example, the imme-

diate availability of test and inspection data that results
from the automatic real time collection along with histo-

rical data contained in the test and inspection data base
for comparison can provide an extremely clear picture
of a developing quality problem. The information can

be easily accessed by the quality assurance engineer in a

variety of different forms such that he is not only ad-
vised that a problem exists within minutes, but can be

provided with a good idea as to where to start looking
for the source of the problem, and may even be given

good hints as to what to do about it. Thus, corrective
action can be taken immediately, perhaps preventing pro-
duction of a large number of faulty units. But even more

valuable is the availability of trend data which allow cor-

rective action to be taken before a real problem develops.

At the Aerospace Electronic Systems Department
(AESD) of General Electric's Aircraft Equipment Divi-

sion, we initiated a program aimed at automating test and
inspection several years ago. This paper discusses and de-

scribes some of the "paperless factory" (that is, direct
electronic quality data collection) aspects of that pro-

gram. It is divided into three major sections:

• Our products and our factory

• In-roads to a paperless factory (i.e., progress to
date)

• Challenges of the future.

OUR PRODUCTS AND OUR FACTORY

AESD can be characterized as a medium sized producer

of sophisticated custom electronic systems° Our customer

is the military, and the platform for our electronic sys-

tems ranges from artillery (for which we provide a radar

system that accurately measures the velocity of a pro-
jectile as it leaves the muzzle) to ships, airplanes, and

space vehicles. For example, AESD provides the Navy
with the Surveillance Radar System for the E-2C airplane

manufactured by the Grumman Aircraft Corporation.
This radar, designated the AN/APS-125, consists of 41

individual units and contains in excess of 28,000 piece

parts, most of which are mounted on 97 multilayer boards
(MLBs). The total system weighs approximately one ton.

We have been producing this system and similar systems
preceding it for the last several years, at a rate of 10 to
15 systems per year.

We also produce the AN/AYA-8 Data Processing Sys-
tem for the P-3C airplane. Like the AN/APS-125 radar

system, we manufacture this equipment at a fairly low

rate -- 18 to 24 systems per year -- and have been sup-
plying it to the Navy for the last 20 years. The multilayer

assembly being used on the latest version of this system
is very Similar to the AN/APS-125; however, the units

(black boxes) are very different. This system contains ap-
proximately 21,000 parts, mounted on 105 MLBs.

I could cite other examples of electror, ic systems, totally
different from these in outward appearance, that we

manufacture at fairly low rates. The point is that, at sys-
tem and unit (black box) level, there is very little in com-
mon among the electronic systems that we manufacture.

In addition, the annual production of each system is rela-
tively small.

Military Requirements

Our primary customer is the military and so we live

with restrictions that are not required of nonmilitary pro-
ducers. Such things as data availability, both now and

for future reference, are very important, as is a large
category of documentation requirements in general. All
of the equipment that we produce must not only survive

a broad range of environmental exposures (e.g., temper-
ature, vibration, humidity) but must function reliably for

several years. To meet these requirements, our equipment
is processed through comprehensive test and inspection

operations which, when combined with low production
rates, present a formidable challenge to automation.

Common Building Blocks and Standardization

We have taken several actions over recent years that
have provided us with the benefits normally associated

with high production rates. Probably the most significant
single decision along this line was to standardize the basic

building blocks of our equipment, the electronic module,
or multilayer assembly (MLA). The configuration that

D-89



• we are using in today's designs is similar to the 3/4 ATR

configuration common in airborne systems. It has dimen-
sions of about 7 by 9 inches and contains an MLB con-

sisting of up to 16 layers. The assembly is made up of
the MLB, to which an anodized aluminum heat sink is

bonded using a resilient material that allows for the dif-
ference in thermal coefficient of expansion between the

MLB and the aluminum plate. Microcircuits (DIPs) and
discrete parts are soldered in place using the wave solder

process. The development of this assembly w today's
standard -- was the product of a team of experienced

representatives from Engineering, Manufacturing and the

Reliability and Quality Assurance Sections. It represents
an important departure from the days when Engineering
did the design pretty much independently of the other

functions. Incorporated in this design are features that
are compatible with Engineefing's design tools (interac-

tive graphics, for example) and also compatible with
Manufacturing's machines, tools, and processes and
R&QA's test and inspection facilities. The process of

developing this standard included environmental testing
at high exposure/stress levels, as well as several hundred

cycles of accelerated temperature cycling over the range
between -65 ° and + 125°C. The end result is a proven

MLA that can be used in most of our systems (except
where geometric limitations prevent its use) with an accu-
rately predictable refiability. Since this MLA building

block is used acron all systems, the annual usage of
MLAs is high, resulting in a fairly high production rate.

This means that we are able to implement a high degree
of automation throughout the design, manufacturing, test

and inspection operations.

Common Data Base

Another key to our success to date in automating our

plant is shown in Figure 1, the CAD/CAM/CAQ System.
At AESD, engineering design can be done manually or

automatically by using the interactive graphics system
which has been in place for 15 years or through the use

of software programs developed for the completely auto-

mated design of multilayer boards. In all instances, the
design data are entered into the common data base,

placed under configuration control, and made available
to the Manufacturing Section and to the Reliability and

Quality Assurance (R&QA) section. As shown in Figure
1, both Manufacturing and R&QA can download data
from the common data base to their own data bases and

then utilize these data for many purposes including the

generation of test and inspection software, drill tapes for
multilayer boards and test fixtures, and programs to drive

a variety of metal cutting machines. In addition, Manu-
facturing data can be extracted from the Manufacturing

data base for use by R&QA and from the R&QA data
base for use by Manufacturing. We have found that this

easy transfer of data among data bases is a basic require-
ment for successful factory automation.

THE COMMON DATA BASE 18 A KEY

• TEST PROGRAMS

• INSPECTION

PROGRAMS

• FIXTURE

PROGRAMS

I

Figure 1. The CAD/CAM/CAQ System
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INROADSTOA PAPERLESSFACTORY

In preparation for our inspection station automation

program, we conducted a series of studies of several in-

spection stations representative of the approximately 150
operating stations in the factory. From these studies we
concluded that 20 to 50 percent of an inspector's time

is spent filling out inspection report forms. This is a
laborious, error-prone, and much disliked aspect of an

inspector's job. Obviously, the elimination of manual

data recording on paper and processing (keypunch, etc.)
held a significant productivity improvement potential. An
important byproduct of this effort was recognized to be

that data thus entered would be available immediately,
as opposed to the time lag associated with paper report-
ing systems. The development of the hardware and soft-

ware required to achieve our objective of replacing written
inspection data by electronic collection of data would be

expensive and time-consuming. Past experience indicated
that our ability to plan, estimate and schedule even mod-

erately complex software-intensive systems left a great
deal to be desired. To tackle the whole factory at once

would be forbidding. A step-by-step approach is, there-
fore, being taken so as to achieve results quickly with a
reasonable expenditure of resources. We also decided to

depend on off-the-shelf hardware and software to the

degree possible, developing custom hardware only when

none was readily available and there appeared to be a sig-
nificant payback to warrant the use of in-house resources.

As it has turned out, in all of the implementations at-

tempted or achieved so far, a majority of the software

required was developed by our own software engineers.
This includes much of the executive and all of the appli-
cations software. This was not true in the test area where

the producer of our test systems did a good job of

developing basic software and making it available to us
at a reasonable cost.

A review of the available technology revealed a limited

number of concepts that would meet our needs. These
were:

• OCR - Optical Character Recognition
• Bar Code

• Voice Input/Output
• Magnetic Card

• Function Keyboards

We had gained experience with magnetic cards while
assisting another General Electric plant a few years ago.

We felt that the kind of experience gained during the ex-
tensive experimenting with the magnetic card systems

that is, learning the characteristics of these systems, their
strengths and weaknesses, and where pitfalls could be ex-

pected -- was absolutely necessary.

The next step was to acquire data collection hardware/
software systems that showed promise for meeting our

diverse needs, and to gain enough hands-on experience
to give us a high degree of confidence that we could suc-

cessfully place these systems in the factory. Over a period
of about two years we purchased, for experimentation

and pilot runs, an optical character recognition system,
a bar code system, and a voice input/output system.

The remainder of this paper is devoted to descriptions

of three implementations in the factory, where the tradi-

tional handwritten inspection reports and inspection log
sheets were replaced _vith some form of electronic data

entry, accompanied by computer processing of the data
and computer generated reports. At the present time we
have automated, to some degree, a total of eight stations

using OCR, Voice Data Entry, and Function Keyboards.

All employ, or will employ, a dedicated microcomputer
for real time support.

Standard Electronic Module Inspection Station

AESD has been in the business of manufacturing the
Navy Standard Electronic Module (SEM) for several
years. This product, a printed clrcmt assembly, represents

a very small part of our total business, which mainly com-
prises large and relatively complex custom electronic sys-

tems. The SEM is an end p_oduct. That is, we sell these

small (about l inch by l 1/2 inches) low-complexity
modules directly to a variety of customers. The relatively
high production quantity of up to 10,000 per year, the

competitiveness of the market, and the simplicity of this
product made it an obvious candidate for our first elec-

tronic quality data collection project.

Figure 2 is a simplified flow of the product through

the factory before we completely eliminated paper re-
porting by adapting the inspection station to utilization
of an optical character recognition wand reader system

for collection of all quality data. A computer-generated
traveler card accompanied each lot (of 50 modules)

through the factory. The traveler, along with the material

for each lot, progressed through various manufacturing
operations to the final inspection station. The traveler

contained product information (program and drawing
number), and a SLACS (Schedule Loading and Control
System) number which related all product information
to a manufacturing production control data base. This

number was to play a key role in at, tomating the inspec-

tion station. The inspector began his inspection by filling

out the header section of the IDR (Inspection Defect Re-
port) by copying the required information, which in-

cluded such elements as a drawing number, revision
number and reference design-:tor, t'ror_Jthe traveler card
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to the IDR. He then performed the required inspection

of the lot and completed the body of the IDR. This in-
volved writing in a narrative description of any defects,

the defect code (a five-digit code consisting of two alpha
characters and three numeric characters), the reject quan-

tity and his pay number.

The lot then went to the repair station, where the re-

pairs were accomplished using the information contained
on the IDR (e.g., defect description and defect location).
The assemblies were reinspected for the repairs and, if

no defects were found, the lot was accepted and moved
to the next operation.

A copy of the completed IDR was provided to a key-
punch operator, who entered the inspection results into

the quality data base. These inspection data, appropri-
ately sorted and summarized, were not available for re-

view by the product line quality engineer for three to four
days following the inspection.

To automate as much of the data entry as possible, it

was decided that either an Optical Character Recognition
(OCR) system or a bar code system would meet our needs.
The ultimate decision to use OCR was based on the fact

that the printers associated with our host computer

already printed an OCR readable font on the traveler

card. This eliminated the need to purchase a new piece
of hardware for printing the code and eliminated a sepa-
rate printing operation.

Figure 3 shows the factory flow in use today. The

equipment at the station consists of an OCR wand reader

and a CRT terminal tied to a host computer. A traveler
still accompanies the material through the several factory
operations; however, it now contains a SLACS number
in OCR font.

The inspector is now prompted through the inspection

operation by a form flash that appears on the screen of
the CRT. The required data are entered as follows:

• Using the OCR wand to read the SLACS number

causes a transfer of all of the header data from the

manufacturing data base to the quality data base.

• The inspector's pay number is entered using the
OCR wand to read the number from a preprinted
sheet that contains the pay numbers of all certified
inspectors.

• The defect codes are read from preprinted sheets,

one reading for each defect, again using the wand.

Figure 2. SEM Product Quality Reporting -
Old Way - Manual Method
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] REPAIR H INSPECTOR
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HEADER INFO

Drawing No.

Revision No.

Reference Designator

Data Management Code

Requisition No.

Inspection Station No.

Dale

Lo! ID (SLACS No.) SLACS - Schedule Loedin S and Control System
Lot Slze

Sample Plan

Shop Order

Serial No. (If Applicable)

Figure 3. SEM Product Quafity Reporting -
New Way - Optical Character Recognition

The total reject quantity is computed by the microcom-

puter, which controls data for the whole inspection opera-
tion. The narrative which had been entered on the IDR

previously is no longer used. During the studies that pre-
ceded implementation of the OCR station, it was found

that the repair person did not need the narrative but was

able to understand defect descriptions using the defect
codes. This was possible because of the relatively small
number of defect codes associated with this low-com-

plexity product. Defects are identified by attaching a pre-

printed adhesive tab adjacent to the defect. This tab is

left on the module until the module has passed reinspec-
tion. The tab is then removed by the inspector.

Following each inspection the inspector is able to re-
view the complete inspection report on the CRT screen.

If satisfied with the report, the inspector uploads it to
the host computer, where it is immediately available to

the product line quality control engineer in a variety of

formats, including several different trend reports.

Computerized Measuring Microscope - Multilayer

Board Cross Section Analysis

The microscope used at this inspection station is the
typical metallographic microscope used for this type of
inspection, but with a linear transducer added to measure

and digitize the filar location. The remaining components

of the inspection station consist of a keyboard, a CRT,
a manual switch for entering the digitized data from the

microscope, and a minicomputer for real time control of
the station.

At the point in the printed wiring board fabrication

cycle following chemical processing (i.e., etchback and
rnnnPr _n,,'_ ¢.'_]H_r Am.nt_citi_n_ ,_,ot-h !otof MLBs is sent

to the Materials and Processes Laboratory for inspection.

Preparation for inspection consists of removing from the
border of one or more boards inspection coupons, which
are then cast in transparent plastic, cross-sectioned,

polished, and visually inspected under medium magnifi-
cation. The inspection consists of positioning the mea-

suring microscope filar at a reference location, recording

the reading, repositioning the filar and recording the next
reading. This process continues, requiring up to 150 sepa-
rate readings for a 10-1ayer MLB. These measurements

are then used to calculate summary data for a particular
cross section, involving such measurements as maximum,

minimum and average etchback, thickness of copper and
lead plating and plated-through hole dimensions.

Prior to automating this inspection station, all readings
were recorded on a log sheet. Then, depending on the

magnification power of the optics being used, the readings
were converted to dimensions which were computed by

manually performing a series of arithmetic operations.
These data were also recorded on the log sheet. In total,
manual recording of detail data, manual calculations and

manual entry of summary data consumed 50 percent of

the operator's time. The continual looking away from the
eyepiece to record detail data during the lengthy mea-
suring sequence caused operator fatigue. At best, only

six "jobs" (six plastic casts) could be completed in an
eight-hour day. Frequently, it was necessary to work over-

time to complete the eight to twelve jobs representing pro-
duction MLBs awaiting release.
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At the completion of inspection, chemical processing

data (e.g., tank temperature, amperage and processing
time) were copied from log sheets kept by Manufacturing

in the chemical processing area of the factory. The

microscope readings calculations, summary of dimensions
and the chemical processing data constituted the required

quality data for the particular lot from which the inspec-
tion coupons were obtained.

The operator is now guided through the inspection pro-
cedure in the required sequence by prompting on the CRT

screen. The microscopic inspection is conducted as pre-

viously described (i.e., by mounting the inspection cou-
pon and lining up the filar). However, now the required

readings are entered into the computer memory by
depressing a foot switch. A "beep" provides the operator
with feedback, thereby eliminating the fatiguing "look

away" problem described earlier. The readings are con-
verted to appropriate dimensions from a table residing

in the computer. This is accomplished by entering the
magnification of the optics via the keyboard with the re-

quired dimensions and averages calculated by the com-
puter.

As part of this project, the chemical processing data

are entered into a manufacturing data base immediately
following the processing of each lot of MLBs. At the time

of the inspection, these data are entered into the quality
data base by keying in the proper code at the inspection

station keyboard.

The cost of automating the data collection was approx-

imately $5,000 for hardware and six man-months of pro-
gramming. The benefits include a doubling of operator

throughput. (Twelve jobs can now be completed on one
shift.) This eliminated a requirement to purchase addi-

tional equipment for another station and the hiring and
training of additional inspectors to meet increased pro-
duction in the MLB shop.

In addition, the data from each inspection are avail-

able immediately, directly, and in trend form. This very

trend information, not previously available without
manually tabulating data from log sheets, is being used
to more effectively control the MLB manufacturing pro-
cess.

Microcomputer Controlled Multifunction Keyboard
System

The last system that will be described has been given

the name Multifunction Keyboard Inspection System. We
have established three identical inspection stations for the

po3C Data Processing System, at each of which 90 sepa-

rate inspections are performed. Hardware inspected
ranges from small cable assemblies to large electronic

units. At these stations, no inspection paperwork is gene-

rated. Inspection data are available at any time share ter-
minal throughout the plant immediately following the in-

spection. This multifunction keyboard system overcame
the shortcomings of the aforementioned OCR system.

The complex products being inspected on this line require
a broad spectrum of defect codes. Narrative for repair

is also required. The keyboard and printer meet these
needs.

Figure 4 contains a block diagram of the system. It is

made up of a CRT and a printer -- both purchased --
and a custom keyboard and a microcomputer -- both
built at AESD. The keyboard is a simple assembly which

we designed to serve each individual need. It is used in

a much reduced configuration at other inspection sta-
tions. The microcomputer, based on Intel's 8080 micro-

processor chip, was developed several years ago at AESD
as part of an in-plant microprocessor training course. The

course is still taught; and through the years the hardware
and software have continuously been upgraded. It has

become one of the standards at AESD, not only because
of its designed-in capabilities, but also because of the

large number of people who are familiar with it, the con-

stant upgradings that are being incorporated in its design,
and the large amount of software that is available for it.

The function keyboard used at the three inspection sta-

tions is shown in Figure 5. These keyboards all contain
numbers from 0 to 9, the full alphabet, some often used

phrases (pressing the SOH key, for example, enters
"START OF HEADER ") and the two alphas and three

numerics that make up the mechanical defect codes that

are required at these stations.

The information inputted to the system when any key

is depressed is controlled by the system software. The
number keys are single function and will always enter the

number printed on them. The key below the "0" is a
multifunction key and will enter either the letter "O,"

the defect code prefix "DD," or the defect code suffix
"016," again depending on the software.

To illustrate the system, it is first necessary to say a
few words about the defect codes. The general-use mech-

anical defect codes are shown in Figure 6. Each code com-

prises two alpha and three numeric characters in a wide
range of combinations. For example, CH means "Com-
ponent (hardware)',' 002 means "damaged," the code

CH002, therefore, means "damaged hardware". CH177
means "broken hardware".
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JCOMMON DATA BASEHOST COMPUTER

o_ ,_ cooE _ cR,MON,TOR

T'-----!.., _-........ I_"°_°'°"I_!_I__-_I I

I IX ._,oco,,-- __:_g//
(REPAIR COMMUNICATION)

ALPHA NUMERIC
STATION MULTI-FUNCTION KEYBOARD

1 - MULTI.FUNCTION KEYBOARD
1 - CRT MONITOR
1 - HARD COPY PR.._INT_._.R.
1 - MICROCOMPUTER

Figure 4. Function t._yboard System Biock Pian

Figure 5. Function Keyboard
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GENERAL-USE MECHANICAL DEFECT CODES
NUMERICAL INDEX BY DEFECT DESCRIPTION AND NUMERIC CODE

Mechanical Codes Consist OfTwo Alpha and Three Numeric Characters, e g., CH002 : Componon! Hardware O,maged

ALPHA CHARACTERS NUMERIC CODE

Assembly (Electrical) MV Weld (Wire) 001 Illegible 136 Embedded
Assembly (Mechanical) MW Weld 002 Damaged 137 Bridge I Splash (Solder)

AE

AM

BA Boards (Printed, Molded) PP Preservation I Packaging

BE Hole Plated SS Solder

BF Fingers TD Documentation
BH Internal Cond Pattern TM Marking-Decal I Stencil I

BP Pads (Terminal Area) Nameplate
BR Run Conductor TS Acceptance Stamp

CE Component (Electrical) WC Wire-Cable I Lacing !
CH Component (Hardware) Dress

CM Component (Mechanical) WL Wire (insulation I
CP Connector Pin Sleeving)

CR Connector WR Wire (Termination I

CT Terminal Wrap I Crimp)
DD Oimensions (Mechanical) WT Wire (Twist)

OX Mechanical Test (Pull, XC Configuration

Pressure, Etc) (Conforming)

FC Finish (Chemical)

FP Finish (Paints)
JA Adhesives I Bonding

JM Mask

JP Encapsulation I potting
MP Braze
ML Material

MP Welding (Projection)

003 Missing (Part I Operation) 138 Cold Joint (Solder)

004 Incomplete / Insufficient 139 Poor Wetting (Solder)
005 Extra I Excessive 141 Birdcaging

006 Wrong (Material, Size, 142 Lifted

Type, Color) 143 Measled
007 Loose 144 Recessed

008 Out of Tolerance 146 Exposed Copper

009 Foreign Material I Dirty 148 Lead Exceeds Max
010 Incorrect Connection / Dimension After Clipping

Position 149 Lead Contour Not Visible

011 Not to Revision 150 Electrical (or Potential)

012 Not to Specification Short Due to Position

013 Corroded I Pitted 151 Prelorm Improper
014 Cracked 177 Broken

016 Oolaminated 201 Bent

028 Height I Length OHL 202 Binding

029 Height I Length ULL 205 Burned I Carboned I
040 Not Flush Melted I Overheated

041 Inadequate Adhesion 207 Contamination
O4S Not Seated 212 Dented I Punctured

046 Burrs 217 Leakage (Gas I Fluid)

063 Voids 220 Nicked
071 Defective 223 Pinched

091 Early Cut-in 224 Reversed I Backward

(ClDN Supersedure) 252 Flux Not Removed
092 Late Cut-in 554 Specification Error

(ClDN Supereedure) 716 Taut

Figure 6. General-Use Mechanical Defect Codes

For the P-3C DPS application, the inspector has a
choice of "filling out" (electronic flash form - displayed

on the CRT) an Inspection Defect Report (IDR), a Test/
hlspection Pass Report (TIPR) or an IDR closeout. The
time and date are automatically entered into the report

file at the time of initiation of the inspection. Respond-

ing to prompting on the CRT, the inspector completes
the inspection and builds the IDR, TIPR, or closeout rec-

ord. The microcomputer automatically assigns a record
number, causes the printing of a repair feedback ticket,

contacts the host, uploads the inspection record to the
host, and finally receives the record back from the host
for review, closeout, and final storage at the host.

This basic function keyboard system, utilizing a much
simpler keyboard, has been successfully used on an earlier

automated inspection station involving microelectronics
hybrid inspection. The use of keyboards is planned for
expansion into other areas of the factory where its utiliza-

tion for factory data collection, in addition to quality data

reporting, will be incorporated.

CHALLENGES OF THE FUTURE

The systems that I have described are stepping stones
*.o the true "paperless factory". We are in the midst of
a movement toward increased productivity in our factory

through the application of electronic data collection, com-

munication, processing, reporting, and storage. As we
look into the future, some fundamental changes in the

traditional ways we have done things become more evi-
dent. Some of the more significant are:

In the product:

• Smaller dimensions, increased complexity and

higher speeds. Circuit boards will be populated with
LSI and VLSI devices in hermetic chip carrier

(HCC) packages. Device speeds as well as assembly
speeds will continue to increase, impacting testing

and inspection at all levels.
• New materials and new application of existing

materials. For example, the high stresses that re-
sult when HCCs are soldered to a commonly used

glass epoxy MLB and then the assembly is tempera-
ture cycled are causing many users to search for a
different material for fabricating MLBs. Quality

Assurance will play a major role in the selection,

implementation, and process control of these
materials.

• Standardization of designs and design features. In
order to insure that tomorrow's designs can be fab-

ricated using the very sophisticated, high priced,
automated machines, processes, and test and inspec-
tion tools that are being implemented today, it is

absolutely essential to ensure that the design is com-

patible with the factory. Therefore, the manufac-
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turing and quality organizations are having a much

greater influence on design than ever before.

In the factory:

• More automated work centers with computer con-
trolled machines which receive their control instruc-

tion from common data bases. The availability of

this kind of equipment will increase in the future,

as will built-in in-process test and inspection sen-

sors, some with self-correcting feedback capability.

• A new breed of equipment maintenance personnel

accompanied by a higher level of training programs

for these people.

• Less reliance on visual inspection. The number of

solder joints on a chip carrier assembly will make

visual inspection very difficult. More emphasis will

be placed on automated screening tests to detect

• faults at all levels; and more environmental cycling

(temperature and vibration) to allow the early detec-
tion of defects.

More reliance on software to be used for develop-

ment of application software.

Conclusion

All of this will require streamlined methods of cap-

turing, processing and presenting data. Computers, pe-

ripherals, and software are the tools by which produc-

tivity gains can be realized in the Quality Assurance func-

tion. Inspection operations can become more productive

when not encumbered by stifling paperwork require-

ments. This paper has illustrated that the "paperless fac-

tory" is near at hand. The challenge of the quality func-

tion is to wisely match needs to the available technologies.
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AUTOMATEDINSPECTION IN AN UNMANNED

FLEXIBLE MACHINING CELL ENVIRONMENT

Norris Rogers

Q&RA Engineering Manager

Vought Corporation

Dallas, Texas 75265

(214) 266-3205

ABSTRACT

The assurance of product quality for a large part mix and high

production rate of an eight machining center unmanned FMC imposes

complex demands on the inspection process. Definition of an

inspection philosophy in an unmanned manufacturing environment

dictated a departure from traditional operating methods. As part of

the flexible machining cell concept, Vought structured an unmanned

in-line (serial) inspection system. System operating software

within the Vought FMC was structured with provisions for interfacing

to existing Quality Assurance systems. FMC system controlled

multi-level inspection part programs are being established that are

automatically implemented based on inspection results. Unmanned

inspection system hardware is to operate in a factory shop

environment.
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Mission Assurance
Conference
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CAD/CAM/CAV

OPPORTUNITY

• Approximately 450 aluminum
machined parts

• 90+ ship sets

• 36-in. cube work area

FMC at Vought

An FMC of 8 automated machines

equivalent to 5 hydrotels, 8 mills,
4 3.axis profilers and 1 standard
machining center

FLEXIBLE MACHINING CELL

• . .-

• Background - Justification

• General Description of System

• Benefits

• What's New?

• Operating Philosophy (CAV)

• Present Status

FLEXIBLE MACHINING CELL o
GENERAL CAPABILITIES

• MACHINING. EQUIPMENT: singll _ ¢NC II_lli_lll C,_w=
10 Perkxm ProNe Mileng. OdNAg.

- Automatic cutting tool storage, selection and change

- Aulomalic pallet (work piece) shuttle received

a_d discharge system

* High speed machining of aluminum plt'ls

- Prismatic wo.-k agla up to 32 in. L x 32 in. W x 3_ in. H

- 3 and 4 axis simultaneous contouring X, Y, Z (and B)

- Part/fixture weight up tO 5,000 Ib

- Chip conveyor and coolant chip shield

- Part surface I_nsing probe

- Broken tool detection

FLEXIBLE MACHINING CELL
DESCRIPTION

• Complete computel" control

• Automated (handS.Oil) machining (drilling, boring and

tapping) in one setup

• Automated (hands-oil) pallet transport - machine

load/unload system

• In.line part cleaning

• In-line inspection capability

• Mechanized chip collection system

• Computerized cell loading, scheduling, simulation and

cutting tool control

• Pelletized - parts toadedlunlosded tn central area

• Cutting tools set up in central crib area

• NO assigned machine operators

D-J01



_Vo_f J! wr _

r_C

' _ _,_,_-./- _,l '_ " _'.T.r ""t;3 .l:_..J

_N

TYPICAL WORKPIECE CANDIDATE FOR FMC

(Pitt Number LS22S070-005)

I vo,a_

• u_

• Fk_xlble

ADVANTAGES OF FMC

II peons _us 18 per shift

Multiple machining tonctlons pe_'

oingl_

• Vl mlsskm Tr-,fflc system _dth Ill mash_es

Capab_ _ _rmh_ sms task

• Maxb.um cutting time due to negated setup

• Control oi schedule snd cost

• lool mamugemem Itwough wear pregmm

Bvo_

Rvo_

BENEFITS

• _._ ml m_ _ mmm_ _
- _m_; t=,m_ FUC_ _l)

• I_ m_ M eq_i_t Cost o_t I_ olMp m_

• _v_ ___y

• ImWo_ _Hty

• Inltl stop _ Fasto_/of t_ Future

- %_;;,...

FMC WORK CUBE

"f" i

! _ _.I _ _

.t I _"

,'_ ! /-" _

_-... _ /-. ".

So What's New?

On-Line Inspection
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WHY ON-LINE INSPECTION?

• Traditional off-line inspection costs would have oilier
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ABSTRACT

The Role of Computer-Aided Design, Verification, and

Manufacturing in the Development of Integrated Circuits

Q. C. Cassen

J. N. Culliney

The Aerospace Corporation

Integrated circuit manufacturing has progressed to the point where tens,

and even hundreds, of thousands of transistors are being fabricated on a single

integrated circuit chip. Manual methods are no longer sufficient to handle

this degree of complexity in a reasonable period of time or with a reasonable

_Yn_rf_f_ ,,,_=_,a_u circul _, _u,,,pu_=,-a,ded-.._ ...... on of success. Indeed, for large _-_ .... _^_ " "_ ....... _^-

design (CAD) and computer-aided verification (CAV) tools are indispensable, and

computer-aided manufacturing (CAM) tools are essential to keeping production

costs down by increasing yields while shortening fabrication times.

This presentation first outlines the integrated circuit design, verifi-

cation, and manufacturing process, and then attempts to convey an appreciation

of the developing circuit complexity problem. Emerging strategies, heavily

reliant on CAD and CAV tools, for dealing with modern integrated circuit com-

plexities are then examined. Finally, several unresolved issues in the areas

of integrated circuit design and verification are presented.

The challenge for the future is the achievement of increased productivity

and reliability through innovation. CAD, CAV, and CAM will play an increasingly

important role in the continuing pursuit of this goal.
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CAD/CAM/CAV SYSTEMS FOR M&P LABORATORY

The M&P Laboratory at the Marshall Space Flight Center has approval to

procure two separate CAD/CAM systems for Laboratory utilization. One system

will be the Intergraph Color Design Station as is currently utilized by other

Laboratories at MSFC. The other system will be the Computervision Designer

"M" series currently being implemented at the New Orleans Michoud Assembly

Facility for the External Tank. Both systems are expected to be operational

this year. Projected uses include robotic simulation for shuttle processes

develo_ent/enhance=ent, tooling i=prove=ents identification for inhouse

evaluation,and design of test apparatus.
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PAPERLESS QUALITY ASSURANCE
OPERATIONS

Thomas H. Poyer
Thomas J. Nolan

Robert V. Caine

General Electric Company

Aerospace Electronic Systems Department
Utica, Ne_ York 13503

INTRODUCTION

For some time we have been thinking about, talking

about, and in many instances doing something about the

"paperless factory" concept, utilization of robots, and

other innovations associated with the application of com-

puters in the factory for the end purpose of improving

productivity. Some systems are now available - and more

are evolving - which offer many opportunities for auto-

mating quality assurance-related operations. Many of the

advantages to be realized by implementation of automa-
tion in the factory are obvious. For example, the imme-

diate availability of test and inspection data that results

from the automatic real time collection along w_th la_sto-

rical data contained in the test and inspection data base

for comparison can provide an extremely clear picture

of a developing quality problem. The information can

be easily accessed by the quality assurance engineer in a

variety of different forms such that he is not only ad-

vised that a problem exists within minutes, but can be

provided with a good idea as to where to start looking

for the source of the problem, and may even be given

good hints as to what to do about it. Thus, corrective

action can be taken immediately, perhaps preventing pro-

duction of a large number of faulty units. But even more

valuable is the availability of trend data which allow cor-

rective action to be taken before a real problem develops.

At the Aerospace Electronic Systems Department

(AESD) of General Electric's Aircraft Equipment Divi-

sion, we initiated a program aimed at automating test and

inspection several years ago. This paper discusses and de-

scribes some of the "paperless factory" (that is, direct

electronic quality data collection) aspects of that pro-

gram. It is divided into three major sections:

• Our products and our factory

• In-roads to a paperless factory (i.e., progress to

date)

• Challenges of the future.

OUR PRODUCTS AND OUR FACTORY

AESD can be characterized as a medium sized producer

of sophisticated custom electronic systems. Our customer

is the military, and the platform for our electronic sys-

tems ranges from artillery (for which we provide a radar

system that accurately measures the velocity of a pro-

jectile as it leaves the muzzle) to ships, airplanes, and

space vehicles. For example, AESD provides the Navy

with the Surveillance Radar System for the E-2C airplane

manufactured by the Grumman Aircraft Corporation.

This radar, designated the AN/APS-125, consists of 41

individual units and contains in excess of 28,000 piece

parts, most of which are mounted on 97 multilayer boards

(MLBs). The total system weighs approximately one ton.

We have been producing this system and similar systems

preceding it for the last several years, at a rate of 10 to

15 systems per year.

We also produce the AN/AYA-8 Data Processing Sys-

tem for the P-3C airplane. Like the AN/APS-125 radar

system, we manufacture this equipment at a fairly low

rate -- 18 to 24 systems per year -- and have been sup-

plying it to the Navy for the last 20 years. The multilayer

assembly being used on the latest version of this system

is very similar to the AN/APS-125; however, the units

(black boxes) are very different. This system contains ap-

proximately 21,000 parts, mounted on 105 MLBs.

I could cite other examples of electronic systems, totally

different from these in outward appearance, that we

manufacture at fairly low rates. The point is that, at sys-

tem and unit (black box) level, there is very little in com-

mon among the electronic systems that we manufacture.

In addition, the annual production of each system is rela-

tively small.

Military Requirements

Our primary customer is the military and so we live

with restrictions that are not required of nonmilitary pro-

ducers. Such things as data availability, both now and

for future reference, are very important, as is a large

category of documentation requirements in general. All

of the equipment that we produce must not only survive

a broad range of environmental exposures (e.g., temper-

ature, vibration, humidity) but must function reliably for

several years. To meet these requirements, our equipment

is processed through comprehensive test and inspection

operations which, when combined with low production

rates, present a formidable challenge to automation.

Common Building Blocks and Standardization

We have taken several actions over recent years thai

have provided us with the benefits normally associated

with high production rates. Probably the most significant

single decision along this line was to standardize the basic

building blocks of our equipment, the electronic module,

or muhilayer assembly (MLA). The configuration that
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we are using in today's designs is similar to the 3/4 ATR

configuration common in airborne systems. It has dimen-
sions of about 7 by 9 inches and contains an MLB con-

sisting of up to 16 layers. The assembly is made up of
the MLB, to which an anodized aluminum heat sink is

bonded using a resilient material that allows for the dif-

ference in thermal coefficient of expansion between the

MLB and the aluminum plate. Microcircuits (DIPs) and

discrete parts are soldered in place using the wave solder

process. The development of this assembly -- today's

standard -- was the product of a team of experienced

representatives from Engineering, Manufacturing and the

Reliability and Quality Assurance Sections. It represents

an important departure from the days when Engineering

did the design pretty much independently of the other

functions. Incorporated in this design are features that

are compatible with Engineering's design tools (interac-

tive graphics, for example) and also compatible with

Manufacturing's machines, tools, and processes and

R&QA's test and inspection facilities. The process of

developing this standard included environmental testing

at high exposure/stress levels, as well as several hundred
cycles of accelerated temperature cycling over the range

between - 65 ° and + 125°C. The end result is a proven

MLA that can be used in most of our systems (except

where geometric limitations prevent its use) with an accu-

rately predictable reliability. Since this MLA building

block is used across all systems, the annual usage of

MLAs is high, resulting in a fairly high production rate.

This means that we are able to implement a high degree

of automation throughout the design, manufacturing, test

and inspection operations.

Common Data Base

Another key to our success to date in automating our

plant is shown in Figure 1, the CAD/CAM/CAQ System.

At AESD, engineering design can be done manually or

automatically by using the interactive graphics system

which has been in place for 15 years or through the use

of software programs developed for the completely auto-

mated design of multilayer boards. In all instances, the

design data are entered into the common data base,

placed under configuration control, and made available

to the Manufacturing Section and to the Reliability and

Quality Assurance (R&QA) section. As shown in Figure

1, both Manufacturing and R&QA can download data
from the common data base to their own data bases and

then utilize these data for many purposes including the

generation of test and inspection software, drill tapes for

multilayer boards and test fixtures, and programs to drive

a variety of metal cutting machines. In addition, Manu-

facturing data can be extracted from the Manufacturing

data base for use by R&QA and from the R&QA data

base for use by Manufacturing. We have found that.this

easy transfer of data among data bases is a basic require-

ment for successful factory automation.

I MANUACI

°--°? "--I I/"
-0. L; :j

.--o,..,.°EXTRACT

/ QUALITY
lAG/TERMINALS I QA I

METAL CUTTING _ DATA [ • TEST PROGRAMS

PROGRAMS [ BASEJ • INSPECTION
ROUTER PROGRAMS _ PROGRAMS

MANUFACTURINGIAG/TERMINALS/ • DRILL PROGRAMS TEST & INSPECTION [ [ • FIXTURE
PROGRAMS

DATA I t

I THE MANUFACTURING PROCESS I

THE COMMON DATA BASE IS A KEY

Figure 1. The CAD/CAM/CAQ System
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INROADSTO A PAPERLESSFACTORY

In preparation for our inspection station automation

program, we conducted a series of studies of several in-

spection stations representative of the approximately 150

operating stations in the factory. From these studies we

concluded that 20 to 50 percent of an inspector's time

is spent filling out inspection report forms. This is a

laborious, error-prone, and much disliked aspect of an

inspector's job. Obviously, the elimination of manual

data recording on paper and processing (keypunch, etc.)

held a significant productivity improvement potential. An

important byproduct of this effort was recognized to be

that data thus entered would be available immediately,

as opposed to the time lag associated with paper report-

ing systems. The development of the hardware and soft-

ware required to achieve our objective of replacing written

inspection data by electronic collection of data would be

expensive and time-consuming. Past experience indicated

that our ability to plan, estimate and schedule even mod-

erately complex software-intensive systems left a great
deal to be desired. To tackle the whole factory at once

wOu,_ be forbidding. A step_by-step .v_...ach is, there-

fore, being taken so as to achieve results quickly with a

reasonable expenditure of resources. We also decided to

depend on off-the-shelf hardware and software to the

degree possible, developing custom hardware only when

none was readily available and there appeared to be a sig-

nificant payback to warrant the use of in-house resources.

As it has turned out, in all of the implementations at-

tempted or achieved so far, a majority of the software

required was developed by our own software engineers.

This includes much of the executive and all of the appli-
cations software. This was not true in the test area where

the producer of our test systems did a good job of

developing basic software and making it available to us
at a reasonable cost.

A review of the available technology revealed a limited

number of concepts that would meet our needs. These

were:

• OCR - Optical Character Recognition
• Bar Code

• Voice Input/Output

• Magnetic Card

• Function Keyboards

We had gained experience with magnetic cards while

assisting another General Electric plant a few years ago.

We felt that the kind of experience gained during the ex-

tensive experimenting with the magnetic card systems --

that is, learning the characteristics of these systems, their

strengths and weaknesses, and where pitfalls could be ex-

pected -- was absolutely necessary.

The next step was to acquire data collection hardware/

software systems that showed promise for meeting our

diverse needs, and to gain enough hands-on experience

to give us a high degree of confidence that we could suc-

cessfully place these systems in the factory. Over a period

of about two years we purchased, for experimentation

and pilot runs, an optical character recognition system,

a bar code system, and a voice input/output system.

The remainder of this paper is devoted to descriptions

of three implementations in the factory, where the tradi-

tional handwritten inspection reports and inspection log

sheets were replaced with some form of electronic data

entry, accompanied by computer processing of the data

and computer generated reports. At the present time we

have automated, to some degree, a total of eight stations

using OCR, Voice Data Entry, and Function Keyboards.

All employ, or will employ, a dedicated microcomputer

for real time support.

Standard Electronic Module Inspection Station

AESD has been in the business of manufacturing the

Navy Standard Electronic Module (SEM) for several

years. This product, a printed circuit assembly, represents

a very small part of our total business, which mainly com-

prises large and relatively complex custom electronic sys-

tems. The SEM is an end product. That is, we sell these

small (about 1 inch by 1 1/2 inches) low-complexity

modules directly to a variety of customers. The relatively

high production quantity of up to 10,000 per year, the
competitiveness of the market, and the simplicity of this

product made it an obvious candidate for our first elec-

tronic quality data collection project.

Figure 2 is a simplified flow of the product through

the factory before we completely eliminated paper re-

porting by adapting the inspection station to utilization

of an optical character recognition wand reader system

for collection of all quality data. A computer-generated

traveler card accompanied each lot (of 50 modules)

through the factory. The traveler, along with the material

for each lot, progressed through various manufacturing

operations to the final inspection station, The traveler

contained product information (program and drawing

number), and a SLACS (Schedule Loading and Control

System) number which related all product information

to a manufacturing production control data base. This

number was to play a key role in automating the inspec-

tion station. The inspector began his inspection by filling

out the header section of the IDR (Inspection Defect Re-

port) by copying the required information, which in-

cluded such elements as a drawing number, revision

number and reference designator, from the traveler card
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to the IDR. He then performed the required fnspection

of the lot and completed the body of the IDR. This in-

volved writing in a narrative description of any defects,

the defect code (a five-digit code consisting of two alpha

characters and three numeric ch:,racters), the reject quan-

tity and his pay number.

The lot then went to the repair station, where the re-

pairs were accomplished using the information contained

on the IDR (e.g., defect description and defect location).

The assemblies were reinspected for the repairs and, if

no defects were found, the lot was accepted and moved

to the next operation.

A copy of the completed IDR was provided to a key-

punch operator, who entered the inspection results into

the quality data base. These inspection data, appropri-

ately sorted and summarized, were not available for re-

view by the product line quality engineer for three to four

days following the inspection.

To automate as much of the data entry as possible, it

was decided that either an Optical Character Recognition

(OCR) system or a bar code system would meet our needs.
The ultimate decision to use OCR was based on the fact

that the printers associated with our host computer

aLready printed an OCR readable font on the traveler

card. This eliminated the need to purchase a new piece

of hardware for printing the code and eliminated a sepa-

rate printing operation.

Figure 3 shows the factory flow in use today. The

equipment at the station consists of an OCR wand reader

and a CRT terminal tied to a host computer. A traveler

still accompanies the material through the several factory

operations; however, it now contains a SLACS number
in OCR font.

The inspector is now prompted through the inspection

operation by a form flash that appears on the screen of

the CRT. The required data are entered as follows:

• Using the OCR wand to read the SLACS number

causes a transfer of all of the header data from the

manufacturing data base to the quality data base.

• The inspector's pay number is entered using the

OCR wand to read the number from a preprinted

sheet that contains the pay numbers of all certified

inspectors.

• The defect codes are read from preprinted sheets,

one reading for each defect, again using the wand.

Iosp. Psy lie.
ReleClOuinlllv
Oefect Cede

Narralnveflelat0nllRepairInto

Figure 2. SEM Product Quality Reporting -

Old Way - Manual Method
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Shop Order
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Figure 3. SEM Product Quality Reporting -

New Way - Optical Character Recognition

The total reject quantity is computed by the microcom-

puter, which controls data for the whole inspection opera-
tion. The narrative which had been entered on the IDR

previously is no longer used. During the studies that pre-

ceded implementation of the OCR station, it was found

that the repair person did not need the narrative but was

able to understand defect descriptions using the defect

codes. This was possible because of the relatively small
number of defect codes associated with this low-com-

plexity product. Defects are identified by attaching a pre-
printed adhesive tab adjacent to the defect. This tab is

left on the module until the module has passed reinspec-

tion. The tab is then removed by the inspector.

Following each inspection the inspector is able to re-

view the complete inspection report on the CRT screen.

If satisfied with the report, the inspector uploads it to
the host computer, where it is immediately available to

the product line quality control engineer in a variety of

formats, including several different trend reports.

Computerized Measuring Microscope - Multilayer

Board Cross Section Analysis

The microscope used at this inspection station is the

typical metallographic microscope used for this type of

inspection, but with a linear transducer added to measure

and digitize the filar location. The remaining components
of the inspection station consist of a keyboard, a CRT,

a manual switch for entering the digitized data from the

microscope, and a minicomputer for real time control of
the station.

At the point in the printed wiring board fabrication

cycle following chemical processing (i.e., etchback and

copper and solder deposition) each lot of MLBs is sent

to the Materials and Processes Laboratory for inspection.

Prep_iration for inspection consists of removing from the

border of one or more boards inspection coupons, which

are then cast in transparent plastic, cross-sectioned,

polished, and visually inspected under medium magnifi-
cation. The inspection consists of positioning the mea-

suring microscope ¢_' r,;,a, at a reference location, recording

the reading, repositioning the filar and recording the next

reading. This process continues, requiring up to 150 sepa-

rate readings for a 10-layer MLB. These measurements
are then used to calculate summary data for a particular

cross section, involving such measurements as maximum,

minimum and average etchback, thickness of copper and

lead plating and plated-through hole dimensions.

Prior to automating this inspection station, all readings
were recorded on a log sheet. Then, depending on the

magnification power of the optics being used, the readings

were converted to dimensions which were computed by

manually performing a series of arithmetic operations.

These data were also recorded on the log sheet. In total,

manual recording of detail data, manual calculations and

manual entry of summary data consumed 50 percent of

the operator's time. The continual looking away from the

eyepiece to record detail data during the lengthy mea-

suring sequence caused operator fatigue. At best, only

six "jobs" (six plastic casts) could be completed in an

eight-hour day. Frequently, it was necessary to work over-

time to complete the eight to twelve jobs representing pro-

duction MLBs awaiting release.
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At the completion of inspection, chemical processing

data (e.g., tank temperature, amperage and processing

time) were copied from log sheets kept by Manufacturing

in the chemical processing area of the factory. The

microscope readings calculations, summary of dimensions

and the chemical processing data constituted the required

quality data for the particular lot from which the inspec-

tion coupons were obtained.

The operator is now guided through the inspection pro-

cedure in the required sequence by prompting on the CRT

screen. The microscopic inspection is conducted as pre-
viously described (i.e., by mounting the inspection cou-

pon and lining up the filar). However, now the required

readings are entered into the computer memory by

depressing a foot switch. A "beep" provides the operator

with feedback, thereby eliminating the fatiguing "look

away" problem described earlier. The readings are con-

verted to appropriate dimensions from a table residing

in the computer. This is accomplished by entering the

magnification of the optics via the keyboard with the re-

quired dimensions and averages calculated by the com-

puter.

As part of this project, the chemical processing data

are entered into a manufacturing data base immediately

following the processing of each lot of MLBs. At the time

of the inspection, these data are entered into the quality

data base by keying in the proper code at the inspection

station keyboard.

The cost of automating the data collection was approx-

imately $5,000 for hardware and six man-months of pro-

gramming. The benefits include a doubling of operator

throughput. (Twelve jobs can now be completed on one

shift.) This eliminated a requirement to purchase addi-

tional equipment for another station and the hiring and

training of additional inspectors to meet increased pro-

duction in the MLB shop.

In addition, the data from each inspection are avail-

able immediately, directly, and in trend form. This very

trend information, not previously available without

manually tabulating data from log sheets, is being used

to more effectively control the MLB manufacturing pro-
cess.

Microcomputer Controlled Multifunction Keyboard

System

The last system that will be described has been given

the name Multifunction Keyboard Inspection System. We

have established three identical inspection stations for the

P-3C Data Processing System, at each of which 90 sepa-

rate inspections are performed. Hardware inspected
ranges from small cable assemblies to large electronic

units. Atthese stations, no inspection paperwork is gene-

rated. Inspection data are available at any time share ter-

minal throughout the plant immediately following the in-

spection. This multifunction keyboard system overcame

the shortcomings of the aforementioned OCR system.

The complex products being inspected on this line require

a broad spectrum of defect codes. Narrative for repair

is also required. The keyboard and printer meet these
needs.

Figure 4 contains a block diagram of the system. It is

made up of a CRT and a printer -- both purchased --

and a custom keyboard and a microcomputer -- both

built at AESD. The keyboard is a simple assembly which

we designed to serve each individual need. It is used in

a much reduced configuration at other inspection sta-

tions. The microcomputer, based on Intel's 8080 micro-

processor chip, was developed several years ago at AESD

as part of an in-plant microprocessor training course. The

course is still taught; and through the years the hardware

and software have continuously been upgraded. It has

become one of the standards at AESD, not only because

of its designed-in capabilities, but also because of the

large number of people who are familiar with it, the con-

stant upgradings that are being incorporated in its design,

and the large amount of software that is available for it.

The function keyboard used at the three inspection sta-

tions is shown in Figure 5. These keyboards all contain

numbers from 0 to 9, the full alphabet, some often used

phrases (pressing the SOH key, for example, enters

"STAR T OF HEADER") and the two alphas and three

numerics that make up the mechanical defect codes that

are required at these stations.

The information inputted to the system when any key

is depressed is controlled by the system software. The

number keys are single function and will always enter the

number printed on them. The key below the "0" is a
multifunction key and will enter either the letter "O,"

the defect code prefix "DD," or the defect code suffix

"016," again depending on the software.

To illustrate the system, it is first necessary to say a
few words about the defect codes. The general-use mech-

anical defect codes are shown in Figure 6. Each code com-

prises two alpha and three numeric characters in a wide

range of combinations. For example, CH means "Com-
ponent (hardware);' 002 means "damaged," the code

CH002, therefore, means "damaged hardware". CH177
means "broken hardware".
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OCR, BAR CODE

VOICE, ETC

I I

/'I

/IX

I

COMMON DATA BASE

HOST COMPUTER

I CRT MONITOR

ROCO

I
i

"-, __ ,,-','-<_X_II

HARD COPY __(REPAIR COMMUNICATION)

ALPHA NUMERIC

STATION MULTI-FUNCTION KEYBOARD

1 - MULTI-FUNCTION KEYBOARD

1 - CRT MONITOR

1 - HARD COPY PRINTER

1 - MICROCOMPUTER

Figure 4. Function Keyboard System Block Plan

Figure 5. Function Keyboard
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GENERAL-USE MECHANICAL DEFECT CODES
NUMERICAL INDEX BY DEFECT DESCRIPTION AND NUMERIC CODE

MKhanicll Codes Consist d Two A|phi lind Three Numeric Ch,lrlclets. !'g'. CH002 : Component Hardware Dllm_ged

ALPHA CHARACTERS NUMERIC CODE

AE Assembly (Electrical) MV Weld (Wire)

AM Assembly (Mechanical) MW Weld
SA Boards (Printed, Molded) PP Preservation I Packaging

BE Hole Plated SS Solder

BF Fingers TO Documentation
BH Inlernal Cond Pattern TM Marking-Oecal I Stencil I

BP Pads (Terminal Area) Nameplate

BR Run Conductor TS Acceptance Stamp
CE Component (Electrical) WC Wire-Cable I Lacing I

CH Component (Hardware) Dress

CM Component (Mechanical) WL Wire (Insulation I

CP Connecto¢ Pin Sleeving)
CR Connector WR Wire (Termination I

CT Terminal Wrap I Crimp)
DO Dimensions (Mechanical) WT Wire (Twist)

DX Mechanical Test (Pull, XC Configuration

Pressure, EIc) (Conforming)

FC Finish (Chemical)

FP Finish (Paints)

JA Adhesives I Bonding
JM Milk

JP Encapsulation I Potting
MP Braze
ML Material

MP Welding (Projection)

001 Illegible 136 Embedded

002 Damaged 137 Bridge I Splash (Solder)

003 Missing (Part I Operation) 138 Cold Joint (Solder)
004 Incomplete I Insufficient 139 Poor Wetting (Solder)

005 Extra I Excessive 141 Birdcaging

006 Wrong (Material, Size, 142 Lifted

Type. Color) 143 Measied
007 Loose 144 Recessed

008 Out of Tolerance 146 Exposed Copper

009 Foreign Material I Dirty 148 Lead Exceeds Max

010 Incorrect Connection I Dimension After Clipping
Position 149 Lead Contour Not Visible

011 Not to Revision 150 Electrical (or Potential)

012 NOt tO Specification Short Due to Position

013 Co(roded I Pitted 151 Preform ImprOper

014 Cracked 177 Broten

016 Deleminated 201 Bent

028 Height I Length OHL 202 Binding

029 Height I Length ULL 205 Burned I Carboned I
040 Not Flush Melted I Overheated

041 Inadequate Adhesion 207 Contamination

045 Not Seated 212 Dented I Punctured

046 Burrs 217 Leakage (Gas I Fluid)
063 Voids 220 Nicked

071 Defective 223 Pinched

091 Early Cut-in 224 Reversed I Backward

(ClDN Supersedure) 252 Flux Not Removed

092 Late Cut-in S54 Specification Error

(CIDN Supersedure) 716 Taut

Figure 6. General-Use Mechanical Defect Codes

For the P-3C DPS application, the inspector has a

choice of "filling out" (electronic flash form - displayed

on the CRT) an Inspection Defect Report (IDR), a Test/

Inspection Pass Report (TIPR) or an IDR closeout.The

time and date are automatically entered into the report

file at the time of initiation of the inspection. Respond-

ing to prompting on the CRT, the inspector completes

the inspection and builds the IDR, TIPR, or closeout rec-

ord. The microcomputer automatically assigns a record

number, causes the printing of a repair feedback ticket,

contacts the host, uploads the inspection record to the

host, and finally receives the record back from the host

for review, closeout, and final storage at the host.

This basic function keyboard system, utilizing a much

simpler keyboard, has been successfully used on an earlier

automated inspection station involving microelectronics
hybrid inspection. The use of keyboards is planned for

expansion into other areas of the factory where its utiliza-

tion for factory data collection, in addition to quality data

reporting, will be incorporated.

CHALLENGES OF THE FUTURE

The systems that I have described are stepping stones

to the true "paperless factory". We are in the midst of

a movement toward increased productivity in our factory

through the application of electronic data collection, com-

munication, processing, reporting, and storage. As we

look into the future, some fundamental changes in the

traditional ways we have done things become more evi-

_lent. Some of the more significant are:

In the product:

• Smaller dimensions, increased complexity and

higher speeds. Circuit boards will be populated with
LSI and VLSI devices in hermetic chip carrier

(HCC) packages. Device speeds as well as assembly

speeds will continue to increase, impacting testing

and inspection at all levels.

• New materials and new application of existing

materials. For example, the high stresses that re-
sult when HCCs are soldered to a commonly used

glass epoxy MLB and then the assembly is tempera-

ture cycled are causing many users to search for a
different material for fabricating MLBs. Quality

Assurance will play a major role in the selection,

implementation, and process control of these
materials.

• Standardization of designs and design features. In

order to insure that tomorrow's designs can be fab-

ricated using the very sophisticated, high priced,

automated machines, processes, and test and inspec-

tion tools that are being implemented today, it is

absolutely essential to ensure that the design is com-

patible with the factory. Therefore, the manufac-
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turing and quality organizations are having a much
greater influence on design than ever before.

In the factory:

• More automated work centers with computer con-
trolled machines which receive their control instruc-

tion from common data bases. The availability of

this kind of equipment will increase in the future,

as will built-in in-process test and inspection sen-

sors, some with self-correcting feedback capability.

• A new breed of equipment maintenance personnel

accompanied by a higher level of training programs

for these people.

• Less reliance on visual inspection. The number of

solder joints on a chip carrier assembly will make

visual inspection very difficult. More emphasis will
be placed on automated screening tests to detect

faults at all levels; and more environmental cycling
(temperature and vibration) to allow the early detec-
tion of defects.

More reliance on software to be used for develop-
ment of application software.

Conclusion

All of this will require streamlined methods of cap-

turing, processing and presenting data. Computers, pe-

ripherals, and software are the tools by which produc-

tivity gains can be realized in the Quality Assurance func-

tion. Inspection operations can become more productive

when not encumbered by stifling paperwork require-

ments. This paper has illustrated that the "paperless fac-

tory" is near at hand. The challenge of the quality func-

tion is to wisely match needs to the available technologies.
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PF,ODUCI__O RI_J_LEL

JU_

TECHNIQUES USED TO PROCESS, STORE AND

RETRIEVE CO!IPLETED PRODUCT RECORDS

D, J. CLEANS

ucmc_L, ulm_nl_._

CO/e/AIR DIVISION

OPE_TION PLANNING RECORDS

• ALL COfIPLETEB PLANNING RECORDS SENT TO OADS FOR RETENTIOR.

* ASSEMBLY LEVEL PLANNING RECORD SERIAL NU"BERS ENTERED BY gADS INTO SCORE

(STATUS AND CONTROL OF RELEASABLE ENGINEERING) SYSTEM.

. SCORE (PRINTOUT, FIG. 8) PROVIDES:

-- CONTINUOUS CONFIEU_TIDH ACCOUNTABILITY DURING THE _NUFACTURING

PROCESS.

-- STATUS OR RELEASABLE DESIGn.

-- STATUS OF RELEASABLE PLA_ffIHG.

-- STATUS OF RELEASED PLAH;flrJG(CO'_PLETEDPLAHNIHG NOTED AS "SOLD"

IN FIG. 8).

• PLAHNING RECORDS ARE MIC_F!L_D 4ND RECORD S_RIAL NU_IBERS ARE INDEXED

AGAINST PA_T NU_ER A,ND THE MICN_FiLM FR:_'_AND REEL U&'_ER (FIG, 9).

* VIEWING _P_ILITY SAME AS FOR DISCREPANCY RECORDS,

* PLANING RE_RDS DISCAR_D AFTER MICROFILMING AND INEXING.

PRODUCT RECORD RETENTION REOUIREMENTS AND RESPONSIBILITIES

OTHER QUALITY RECORDS

PROCUREMENT RECORDS, MANUFACTURING/TESTIXG RECORDS, DISCREPANCY RECORDS.

AND OTHER MISCELLANEOUS RECORDS COHSID_RED TO BE THE OBJECTIVE EVIDENCE

OF QUALITY (FIG. i) ARE RETAINED FOR A PERIOD SPECIFIED BY CONTACT.

Q_JALITY ASSURANCE DATA SYSTEMS (gADS) IN THE CONVAIR OUALITY ASSURANCE

FUNCTION HAS THE RESPONSIBILITY TO PROCESS AND RETAIN COtI_LETED PR_URENENT

RECORDS. _NUFACTURI_ RECORDS. TESTING RECORDS AND DISCREPANCY RECORDS
(FIG. 1).

-- DISCREPANCY RECORDSAND OPERATIONS PLANNING RECORDS MAKE _ 90%
OF RECORDS PROCESSED IN QADS.

DISCREPANCY RECORDS

e ORE FO_ (FIG. 2) USED TO DOCU_'_NTVARIOUS CATEGORIES OF DISCREPANCIES.

-- FOI_"_]_NTIFIED AS A gUALITY _SURANCE REPORT (_,AR).

-- FORM IS A S-PAGE KANIFOLD (COPY _ERS I, 2/B. 3, R. S).

-- SUPPLE_NTS ARE ADDED WHEN NECESSARY.

• COtIPtETED _NIF_D COPIES AND SUPPLEMENTS SENT TO gADS FOR INCREMENTAL

CO_UTER ENTRY (FIG. 3}.

-- ALL OAR DATA. INCLUDING NAR_TION, ENTERED INTO ON-LI_ CORPUTER

SYSTEM

-- DATA ENTERED BY TERMINAL OPERATORS USING FOR_"_TEO CRY SCREEN,

e REMOTE TERMINALS LOCATED THPOUOHOUT FACTORY AND OFF-SITE (FIG, q) FOR

COMPUTER ENTRY AND INQUIRY.

-- IP'_}ED!ATEON-LINE RESPONSE

-- ON-LINE SEARCH AHD PRINTOUT CAPABILITY (FIG. 5)

• SPECIAL _ND SCHEDULED REPORT CAPABILITY TO SUPPORT CORRECTIVE ACTION SYSTEM

A_D QUALITY PERFORMANCE _EPORI!NG (RIG. 6).

DISCREP_CY RECORDS (CONTINIJEB)

DISCREPANCY RECORDS MICROFILMED FOR PEI_RENT STORAGE (COPIES 1, 21B AND

SUPPLEMENTS.

-- SATISFIES CONTRACTUAL RETENTION REQUIREMENTS

- RECORD SERIAL NUMBERS INDEXED AGAINST MICROFI_ REEL AND

FRA_ FOR EASY RETRIEVAL (FIG. 7).

-- RECORDS ARE RETRIEVED USING MICROFILM VIEWER WITH PRINTER.

-- VIEWERS LOCATED AT FACTORY LOCATIONS.

-- DISCREPANCY RECORD DISCARDED AFTER MICROFILMING AND INDEXING,

MOST RECORDS RETAINED BY gADS FOR OBJECTIVE DUALITY EVIDENCE PURPOSES ARE

MICROFILMED, INDEXED (FIG, 9) AND DISCARDED.

RECORDS HOT MICROFILMED ARE BOXED AND SENT TO ARCHIVES WITH INSTRUCTI_

FOR RETENTI_ TIME. A MANIFEST IS PREPARED FOR RETRIEVAL PURPOSES.

PRODUCT RECORD MANAGE_NT SYSTEM FLANS

* P_ERLESS PLANNING SYSTEM IN CONCEPTUAL STAGES (FIG. IO).

. SYSTEMWILL REPLACE _NUFACTURING BUILD RECORDS. MANUFACTURI_

INSPECTION RECORDS A_D DISCREPANCY RECORDS.

* SYSTEM WOULD PROVIDE REAL TI_ END ITEM DELI_RY STATUS AHD WILL

NAVE SUFFICIENT DATA TO PRINT DD250 A_ TIME OF DELIVERY.

......... k.

_v_

cxi=.u_ _^LI,-IIm. nl.lml_

m
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..c.o+. o,.,,,o.'" IEXTERNAL TA,%K RECORDS RE.ENT£ON PROORAP -- _ IEXTERNhL TANK _CORDS _TFNTffWI PA'('k_,RAM., CM*a+ .o

O,T!
C.AtTIIO. __
DIll

SP|At|R_

EXTERNAL T_IK

ECORDS RETENTInN PROGRNJ'_

EO '.R_PLI.E_

o PROCES$1NG EXJ%'%°E (PRODUCT BUILT]RFCORI)S)

o PRO_CT BUILD RIr_G_

o VEHO_IR DATA PAC_GES

o SHOP FOLDERS (CCV"PONENT BUILD R£CDRDSI

o SHO_:'LOESS (ASSEMBLY BUILD _CORIIS)

o IEST PRGCED}JRES

o QUALITY DATA CUTER

o RECEIVES CLOSED RECORDS

o PREPARES ACCEPTANCE DATA PACKAGES (ADP) FOR E.T. DELIVERIES

o PAINTAINS "ACTIVE" RECORD FILES

o FORWARDS RECORDS TO MATERIEL RECORD CENTER (90 I_AYS AFTER FLIGHT)

o MAINTAINS CLOSED ECORDS (3 YRS. AFTER FINAL PAYMENt OF CONTRACT)

IFf ............. _XTERNAL TANK RECOR.DS RETE!ITION PROGRA.,'!.,c.o_o o..,i,o.
J cm+l+,m .__._L___

olts

IplAIIIL. HE_S

o N_ 5300.41 CID-2) --- SRPI Z D PROVIS;O_S FOR TH.L._P_

IOS02-/ - RETENTIOt_ OF RECORDS. RETENTION OF AgTICLEE AND M'ATImIALS M4IEN

NAVE EEEN DESIGNATED FOR IDENTIFICATION AND DATA RETRIEVAL SHALL

lE RETAIWED IN A SAFE , ACCEES_GLE _.O(:ATION EY T_E {Of_TRACTORIOM

THE PERIOD SPE{IFIEO IN THE CONTRACT, UNLESS It[LEASED @RIOI TO THE

TIME BY CONTItACTVRAL AUT_)giZATICN, THE CORTIIACTO_ S)CA;.L ALE0 I_VOKE

THIS SB_ ItEOUIREMENT ON THE SUICONTRACTORS AND S++PPLIER$. TN[

P_IME ¢ONTIIACTOR SHALL EE IIEEPOIISIGL[ FOIl ASEUMIMr- THAT APPL|CIILE

mECOROS/die NOT DI[ETmOY[D, _t ir¢¢ JmUTl_mlI_n AY TILE £mlTIIJ_TIIIG

o NASA pROCURFRrt_T RFC,IILATION R._'02 --- P$COl_ _TEtlTl(_ I_'OUIF'r_rFENTS

M.Z01 - RETEflT]0N _)ERI0_S. CONTIACTORS AND $UIICONTIACTOIS SHALL IIETAIN THE

RECORDS D_SCR|IED IN THE CONTRACT O_t EUICGNTRACT RECONDE CI._UISl,

ANO SHALL MAKE THEM AVAILAIIL[ TO THE CI_4_41TROLLERGENERAL OF THE

UNITED STATES, THE CONTRACTING OrrIEEn, OR THEIR AUTNONIZE_ REPRE-

EENTATIVEE (I) LUIITIL FJ_pIlU_TI_ Of THBEJ[yfJLi_ J_Tfll _lkA* pAy_I_T.

OR FOR CE#TAIN RECORDS, WOWTHE PENIOD SPECIFIED IN THiS PARAGiIA1114

R.201, wmlC_EVE_ EXPIRES _ANLIEe, AND Ell) _ON _TEVEe _O_im RE_IOD,

IF ANY, 15 SPECIFIED I_ THE GENERAL REQUIREMENTS OF TNE APPLICA|LE

CONTRACT OR $UICONTRACT nICOnOS CLAUSE.

-,=-o+o' +,.+,,o.,'" - I EXTERNAL TANK R_CORDS R_TENTION P_A_I CNAITMO._

SPIAII*_

lOIRE O_
nECOn.Ds/+s

PROJECTED VOLU_ OF PRODUCT RECORDS AS

EXTERNAL TANK PRDGI_ APPROACHES RATE PRODUCTION

E.o

}.o_

1.0-

o

,_. ,P. ,.,.° ,p. ,.% ,,% +,%

.,c-o.= +.,.,.o, I EXTERNAL TArlK RECORDS RETENTION PROGPJ_ J Cmll?Im ._______
O*VS

*,,,,em L. _RKES

EE.C,PP_S RETENTION pROCFnuRE (."_.C _TAN_RD pI_FFTWI_F FT 7 A)

o RESF('_NmIEItITIES

o CO_T RAF..T.S

o DEFINES RETENTION PERIODS

o PJ%NAGES OVERALL RETENTION PROGRAIq

o D_O_
o COORD;++ATES RETErJTION REQUIRE_E+ITS WITH COr4TRALTS

o AD,"INISTERS RECORDS PROGR/u'IWITHIN RESPECTIVE _PAR_NTS

o DEPART_NTAL FUHCT IOP_

o GENERaTES/PROCESSES PEEORDS TO _ET CONT_CTUDAL REQUIRE_NTS

o _INTAINS "ACTIVE" RECORD FILES

,'IATERIEItPIV_NTQRy _'J%_L_GF./_F:._LT.

o r_INTA;_.S RECORC CENTER FOR "NON-ACTIVE" RECORDS

o COORDINATES DESTRUCTION OF _ECORDS WITH RECOPD COORDINATORS

.,c-o_.,,,,_. IEXTERWAL TANK RECORDSRETENTION PRODRAN J _l, I wo.___L_
OXTI

spe*(te L. MERKES

THINGS BEING EVALUATED:

o RE-AS,SERE NEED TO RETAIN SORE RECORDS WITH NON-ESSENTIAL DATA

o CONSIDER VARIABLE RETENTION _RIOOS FOR DIFFERENT CATEGORIES

OF RECORDS (E.o.. T_C£ABLE vs. NON-TRNCEABLE RECOBOSI

o RESIDENT PLANS BY "BLOCK" EFFECTIVITY WITH BUY-OFF SMEETS FOR

EACH EFFECTIVITY

o PAPERLESS RECORD SYSTEM (PILOT PROGRARFOR NON*CONFOI_IANCE
RECORD ON r.AI)/CAM EgUIPPE.NT)

o _ICROFIL,"I.,RICROFICRESYSTERS WITH DESTRUCTION OF ORIGINAL

RECORDS
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OM£X OMEX
2323 OWEN STREET
SANTA CLARA, CA 95051
(408) 727-5801

ELECTRONIC FILING IN THE '80s

John McAfee

OMEX

Santa Clara, California

This year alone, American business will buy an estimated

320,000 electronic typewriters; purchase, rent and lease a

half a million copiers, and invest in 1.8 million print and

misplay desk top calcula ÷_° The d_ _......... 4. -_v_ tu thwart trends in

declining white collar productivity has captured the inter-

est of the entire nation, thrusting it toward computer auto-

mation in the office environment.

Americans are rushing to subscribe to a new and wide-ranging

selection of automation equipment designed to extend worker

potential, relieve tedium, and quicken the pace in which we

produce and disseminate information. Ranging from typewrit-

ers which, in the wink of an eye, correct spelling errors to

word processors and sophisticated data processing equipment,

today's office manager need only sign up for the expressway

bound for tomorrow's "office of the future" to experience

the vast plethora of devices available to enhance productiv-

ity in the office.

Yet, despite the recent impact computer-based office equip-

ment has had on our ability to manufacture new information,

the productivity improvements once boldly touted by propo-

nents of the "paperless office of the future" have yet to

materialize for the vast majority of us. At best we seem to

have arrived at some kind of stand-off between office auto-

mation and declining white collar productivity. And I'm

afraid to say this stand-off may continue as we just now

begin to face the fact the "paperless office of the future"

isn't going to be an overniKht event. The fact is, paper,

in volumes greater than we have ever before imagined, will

be with us for quite some time. The volume of documents

produced each day by lightning-quick copiers, word proces-

sors and advanced data processing equipment continues to
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aggravate statistics which pin the annual growth of paper in
offices across the United States at roughly 20_. As a result,

we should anticipate a temporary drop in office productivity

as we rush to increase our ability to create paper-based

information and do nothing to increase our ability to manage

it all.

To fully appreciate the role turnkey document storage and

retrieval systems are destined to play in our quest for im-

proved office efficiency, it is worthwhile to take a moment

to discuss a few of the problems triggered by the recent on-

slaught of paper in the office. For purposes of this presen-

tation, I divide these problems into four major categories:

growing requirements for real estate space to store ever

greater volumes of paper, crude indexing systems currently

used to identify paper files, slow manual methods of dis-

tributing paper to multiple employees and, finally, manual

procedures for storing and retrieving large quantities of

documents.

To get a clear picture of exactly how big the paper problem

is, I'd like to begin by pointing out during 1982 an average

of four file drawers were attributable to every office

worker in the United States. Multiply this figure by a

total of 18 million office workers and we can estimate no

less than 72 million filing drawers occupying expensive

office real estate space during 1982 alone.

If this figure seems a bit dumbfounding, consider the fact

20% more paper is being stored each year in offices across

the country. And, as electronic copiers, typewriters, word

processors and data processing equipment escalate our output

of paper, this figure is destined to climb.

A common solution to ever-increasing requirements for stor-

age real estate space has been to reduce, or "shrink", the

size of 8-1/2" x ii" documents to the size of a piece of

microfilm or microfiche. Yet, despite inroads made recently

by the micrographics industry, 90% of information stored in

offices across the U.S. still remains on paper. This is, to

a large extent, due to the fact that micrographics does not

solve other problems associated with the proliferation of

paper-based information.

One of the problems which, until recently, has been ignored

by the micrographics industry involves manual procedures for

indexing both film and paper documents. Most manual filing

systems rely on a single index to identify a document. In

cases where single indices are not sufficient, several

copies of a document may be stored within multiple files.
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The problem with single indices is that they restrict access

to a document by requiring a person who needs a document to

know the precise index associated with it. If the single

index is not known, the document maynot be retrieved by any

other known information.

Many offices attempt to safeguard against the hazards of

single indices by storing duplicate copies of a document

under several file names. However, over prolonged periods

of use, this process has a tendency to backfire as it in-

creases the overall volume of paper stored, dilutes the

identity of individual files by including copies of docu-

ments not directly relevant to the file and, finally,

hinders the document retrieval process.

Recently, the micrographics industry has turned to computers

to combat problems associated with single indices. Leaders

in micrographics technology pioneered computer-assisted re-

trieval systems during the late seventies: systems which

use sophisticated database management systems to determine

the physical location of a document as well as to identify

it by several logical indices. At the time a document is

stored, logical and physical indices are entered into a

computer's database. Later, when an individual needs to

view a document he need only enter any one of several

indices to determine the location of the document. From

here the individual need only go to the designated carousel,

cartridge or fiche card specified by the computer to locate
his document.

Yet, even with sophisticated indexing capabilities, CAR

systems have scarcely penetrated the market for office

automation equipment. This is in part due to the fact that

CAR systems require manual intervention to retrieve a docu-

ment and do not successfully address document distributrion.

All paper filing systems, as well as most CAR systems, re-

quire some form of manual distribution processes. Generally

speaking, a file requestor will retrieve a document, make a

copy of it, and return the original file to the central file

area. However, while the file or document is being copied

it is unavailable to other individuals who may also require

the information contained in the file. Furthermore, should

the file inadvertently be returned to an incorrect location

or be damaged while in use, the file may become unavailable

forever.

Clearly, what is needed is an automatic method of distrib-

uting and copying documents which does not require removing

them from storage. Recently, digital scanning technology,

combined with communications technology, has provided the

mechanism for distributing an accurate digital reproduction

of a document without removing it from storage. This is
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achieved by reducing each piece of paper or film to a series

of microscoplc dots called pixels. Each tiny pixel appears

as part of a mark on the paper or part of the blank portion

of a page. Pixels, in turn, are converted into digital

electronic signals which can be distributed over local area

networks and reconstructed as images on high-resolution

video terminals and printers.

While scanning technology has been with us for some time,

its use in computer-assisted retrieval systems has been a

relatively new phenomenon--and one which has laid an impor-

tant stepping stone for turnkey document storage and re-

trieval systems.

To successfully solve growing problems associated with the

proliferation of paper in the office environment much more

than a component or piece-meal approach is needed. A full

systems approach is needed.

To solve the growing need for storage real estate, a dense,

economical storage media is required. To solve access re-

strictions caused by single indexing, sophisticated database

management systems which permit rich indexing are needed.

To solve problems associated with manually distributing

information, optical scanners and digital communications

technology are required. And finally, to implement a full

systems approach to automatic storage and retrieval, the

rapid processing power of the computer is needed.

Driven by other market demands, several new technologies

have materialized which, for the first time, can be combined

to produce complete turnkey document storage and retrieval

systems. The computer-aided design and facsimile industries

have produced economical, high-resolution raster video moni-

tors and on-line raster printers. The market for office

automation equipment has manufactured high-speed local area

networks. The facsimile industry has produced a wide variety

of digital scanners and finally, the computer memory market

has given rise to semiconductor, magnetic tape, magnetic

disk and optical memory technologies.

Each of these technological breakthroughs plays a vital part

in a full systems approach to document storage and re-

trieval. Low-cost high-resolution terminals--an outgrowth

of the CAD/CAM and facsimile industries--are used for view-

ing documents, while high-speed communications resulting

from the office automation marketplace are used to

distribute documents to a wide number of system users

simultaneously. Raster printers are used to produce hard
copies of documents. Digital scanners are used to convert

paper and microform documents into digital form. And,
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finally, magnetic and optical memory provides the most

dense, economical method of storage available to date.

In the final analysis, the technology required to address

the full scope of the document storage and retrieval problem

exists today for the first time.

Let us take computer memory as an example. Yesterday's CAR

systems depended on film as the primary storage media,

whereas today's turnkey systems efficiently meld semiconduc-

tor, magnetic disk and film memory for an economical, more

responsive document management system. The marriage of

these three storage medias permits today's new turnkey

filing systems to accommodate the way documents function in

a typical office environment.

For instance, every document has a life cycle during which

its frequency of access rises and declines. If we use a
bill as an example of a typical document, the bill might
have a life cycle of 45 days during which it must be paid.

Following the initial 45-day period, the rate at which the

bill needs to be referenced diminishes considerably unless,

of course, many months later there is a question regarding
the bill. When the bill is retrieved several months later,

it assumes a new life cycle enjoying a new period of high or

"active" access.

An ideal turnkey filing system must accommodate the waxing

and waning life of any document, not just bills. This is

accomplished brilliantly using moderately expensive magnetic
disks to store new incoming documents which require high ac-

cess. Archived documents are stored on less expensive media

such as film and optical memory. Finally, expensive semi-

conductor memory is employed at video screens where the

document is viewed, enabling several pages of a document to

be stored locally at the terminal. Local semiconductor mem-

ory permits system users to page instantaneously backward
and forward through several pages at a time. As you can

see, the technology which permits us to take advantage of

expensive semiconductor memory, moderately priced magnetic

disk and inexpensive film exists today for the very first

time.

Ladies and gentlemen, I have spent some time describing the

problems brought about by the recent growth of office auto-

mation equipment; I have also described some of the techno-

logical phenomena which make today's document storage and

retrieval systems possible. I'd like to take a minute now

to walk you through the Omex approach to turnkey filing

systems.
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The Omex InfoView system employs three types of peripherals:

input, output and memory. Input peripherals can be further

segmented into two categories: input peripherals for new

documents and peripherals for archived documents. New in-

coming documents are scanned, converted into a digital sig-

nal, indexed and temporarily stored on magnetic disk for
immediate availability to system users. Magnetic disk is

used because most new documents have an active access period

from the time they come in the door. Once documents have

been scanned and stored on disk they can be microfilmed or

transferred to inexpensive optical memory for long term

storage.

The second type of input peripheral is that designed to

house long-term or archival documents. These peripherals

include carousels designed to mechanically retrieve 16mm

film cartridges and optical mass memory storage.

When a document is requested from an archival peripheral it

is mechanically selected, digitized and sent over a local

area network to a magnetic buffering disk. From the buffer

disk the document can be distributed to a multitude of

system users without tying up any of the archival storage
devices which are designed to store many millions of docu-

ments within a small storage area.

It is worthwhile noting here, whether new or old documents

are selected, the system automatically retrieves and dis-

tributes document images without requiring manual interven-

tion of any kind. Retrieval is mechanically as well as

electronically controlled and this is precisely what dis-

tinguishes today's turnkey filing systems from yesterday's

CAR systems.

Once input, a document can be requested by multiple indices

and output to either high-resolution video screens for view-

ing or high-speed raster printers for hard copy. Further-

more, depending on the lifespan of the document, the option

to retain the document on disk for immediate retrieval is

always available to the system user.

Each time a document is requested the original remains in-

tact in the storage device. Only an accurate digital repro-

duction of the document is distributed to the requestor,

thereby assuring the availability of all documents to all

system users at all times.

Ladies and gentlemen, I began this presentation by

describing a trend toward modernization which is taking

place in offices across the globe--modernization aimed

exclusively at our ability to create new information.
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would like to conclude now by pointing to the inevitable
growth of Zurnkey document storage and retrieval systems as
a vi_al part of that modernization process. Hard earned
productivity improvements in the office are on a collision

course wiZh our inability _o manage,- to store, to distribute

and control paper.

What is needed to change the course is a fresh look at

office auZomation: a holistic approach which covers the

life of information from beginning to end, from its incep-

tion to its use many, many years later. When today's

pioneers of the "office of the future" begin to adopt a

hoiistic approach to problems they are attempting to solve

with office automation technology, turnkey document storage

and retrieval systems will be there to answer the question,
"What now?"
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OPERATIONS AND MAINTENANCE RECORDS - TITAN

Contractural Requirement on Titan Progrsm - Not IUS

Component Historical Record -AFTO Form 2E

a) Prepared for each time/cycle critical item at the component level.

b) Initiated by the responsible contractor for hardware and spares shipped

to the launch sites.

c) Used to record modifications, maintenance actions and operational

tlme/cycle data for the designated components.

d) Upon installation of a time change item into a higher assembly, the

information is transcribed into the next higher assembly AFTO Form 208

(Component Replacement Record).

Significant Historical Record -AFTO Form 95

a) Provides the contractor and Air Force a record of all approved Class I

ECPs (Engineering Change Proposals), Waivers, Deviations, and other

significant historical information from the time a CI (Configuration

Item)/CPCI (Computer Program Configuration Item) becomes an identity.

b) Initiated by the appropriate contractor, subcontractor, vendor, and/or

supplier for each program related CI/CPCI not later than the time of

acceptance testing of the item, upon contractural implementation of

0=-82-66-1 document, or upon receipt of a CI/CPCI from another agency.

c) The AFTO Form 95 will accompany the item throughout its useful llfe.

d) Form DD 829-1 originally accomplished the same function as AFTO Form 95

and can be utilized until existing supplies are expended.

D-143



Component Replacement Record - AFTO Form 208

a) Provides a means of maintaining a current record of components or items

requiring replacement at a specified calendar time, operating time, or

cycles.

b) Initiated prior to shipment of vehicle, component, or item to the launch

site.

c) Maintained only on equipment which contains time change items.

Maintenance Records - AFTO Form 209

a) Used to record all maintenance actions, discrepancies, and retest

requirements on Airborne CIs and AGE (Aerospace Ground Equipment).

b) Initiated after complete assembly of the end item by the responsible

contractor or by the first receiving organization of AGE items.

c) Records are maintained from the time of end item assignment or delivery

until the items are expended in use or transferred for disposal.

Status and Operational Record - AFTO Form 207

a) Used to record system level time/cycle data for functional areas of

Airborne and AGE systems.

b)

c)

d)

l) Start, stop and cumulative total of system operating time (power-on

time).

2) Operational status, inspection due dates and exceptional releases

for all designated AGE selected end items.

Initiated prior to shipment of the end item to launch site or by the

first receiving organization for the items of AGE.

Records are maintained from time of delivery to the launch site until

the end item is expended or transferred for disposal.

This document is in the process of being phased out.
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HARDWARE DATA PACKAGE

(HDP)

The Hardware Data package (HDP) is a system used to account for and

maintain control of the records required to assemble, test, checkout, modify,

repair, retest and maintain hardware in an assigned work area.

Hardware Data Packages are located in areas designated as Records

Control Areas (RCAs).

Each HDP is sub-divided to provide a separate section for IRSOs,

UERs, UEPs, PRR and non-operational streamers. Each section of the HDP Log

contains an Accountability Log. All planneO and unplanned events are logged

into the applicable log. Upon completion or closure of the item, it is logged

out by Quality Assurance Inspection stamping and dating the Q.C. Acceptance

block on the log.

ACCEPTANCE DATA PACKAGES

(ADP)

Acceptance Data packages (ADPs) are also considered part of the

ELS/IUS Launch Operations Record System. ADPs are the supplier records that

are received with the hardware. Included are records of tests, inspections

drawings, certificates of compliance, etc. After part acceptance in

receiving, ADPsare filed and retained by OJality Assurance for future

reference, or until contract closeout.
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SOFTWARE CON 1ROL

The control and handling of software at ELS is extremely important

since all software used at ELS has either a direct or indirect interface with

the IU$ vehicle. Inadvertent alteration of the software contents due to

improper storage, handling or use could adversely affect the IUS mission.

The software may be in the form of tape reels, tape cassettes,

keyboard entry or punched cards.

All software is received from Boeing - Kent by ELS stores. Receiving

Inspection is performed by QA and a tape compare performed at the COS per a

resident IRSO prior to placing in QA files.

It is necessary to provide a high level of confidence in the

integrity of software placed in temporary or permanent storage. This is

accomplished by the use of an integrity seal. The integrity seal is placed

over the retaining ring clasp in such a manner that, when the ring is opened

to gain access, the seal must be broken. While this does not preclude

unauthorized access to a respository of data or computer program, it provides

an indication of whether or not the canister was tampered with.

Software (tapes, punched cards, etc.) is issued as required to

support scheduled testing and/or troubleshooting. The software is issued to

an individual on the sign-out log.
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III. WORK AUI'HORITY/DISCREPANCY & PROBLEM REPORTING - TITAN

MARS - Used to document discrepancies, rework, rejection, work authority, work

orders and approved modifications involving airborne, AGE and factllty

hardware, and test tools. Entered into computer data system for record

purposes and use in other Quality/reliability functions.

Two types of MARS:

1. System

2. Component

Examples of versatility of MARS:

1. Replacement of components/parts/assemblies.

2. TroubZeshootlng

3. Retest requirements.

4. Material Review Board Action

5. Return to Vendor

6. Scrap

7. Rework, repalr, relnspectton.

8. Corrective Action

9. Integrity Control

10. Investigation and/or disposition

11. Deviations (Affects safety, tnterchangeabtltty, specified reliability, or

performance. Contract coverage required prior to acceptance. )

12. Variations (Does not affect safety, inte_hangeabtltty, specified

reliability, or perfozmance.)

13. System Failure Analysis authority. Triggers FA and FA Report attached to

MARS.
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14. Unverified Failure - Any system or component which has exhibited a

functional failure during testing for which no reasonable explaination or

conclusive cause can be found. Engineering analysis is prepared.

Unverified failures are reviewed and approved by the Manager of Mission

Success and is not for flight usage without approval of Space Division.

15. Break of Inspection (BOI) - An action against the vehicle or its

associated GSE which removes the vehicle from an operational status.

SYSTEM MARS

Nonconformances occuring at system level are recorded on Systems MARS

and iogged at the OJality Data Center. All system MARS are inputted to the

Open Items Status Summary. The OISS is reviewed for open items or incomplete

work accomplishment prior to each scheduled miiestone.

COMPONENT MARS

Nonconforming components (not installed in a system or after removal

from system) are recorded on component MARS. A "Withheld for Material Review"

stamp is applied to the item or a tag, label, or bag attached to the item

until disposition by Material Review Board action.

WORK AUTHORITY - IUS

Work authority forms are used to provide work instructions for

pianned events and provide the means for recording work accomplishment and

acceptance. Planned events will be based on released engineering and

contractual requirements. Detailed Operating Procedures (DOPs) will be

released and documented as planned events. This is accomplished by use of the

Work Increment System and the IRSO Integrated Record System Order.
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WORK INCREMENT SYSTEM

The Work Increment System is intended to provide a method by which

Manufacturing Planning can be requested to release an IRSO. IRSOs required

for Site Activation, Vehicle Processing, and special tests are requested by

Work Increment Memos. Originals of the Work Increment are maintained by Test

Int egrat ion.

IRSO

All planned work which affects/verifies configuration or perfozmance

of hardware or services are documented on IRSOs.

IRSOs provide detailed instructlons for work to be performed and a

record of work accomplishment/acceptance. IRSOs consist of a combination of

forms.

IRSOs are issued to support change committments, in-sequence

Installation or testing, fabrication, assembly, maintenance, or unplanned

events as authorized by CBCR, work increment, Maintenance Requirement, Shop

Aid Request, or Supplement unolanned event disposition.

events.

DISCREPANCY AND PROBLEM REPORTING - IUS

Boeing records all nonconfozmances and deviations from planned

The following are considered unplanned events:

(1) Hardware, engineering, physical, and functlonal nonconfozmances.

(2) Discrepancies or conditions noted on planned inspection

shakedowns, work area surveys, and investigations.

(3) Parts that are removed and reinstalled to facilitate the

accomplishment of unplanned events. Ibis is accomplished by use of

the UER or UEP.
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UNPLANNED EVENT PICKUP

The Unplanned Event Pickup (UEP) is used to record nonconforming

conditions which can be corrected to drawing configuration without specific

written instructions, and which do not require a record of non-recurrence

action.

UNPLANNED EVENT RECORDS

The Unplanned Event forms are used to record all discrepancies and

errors occurring after a plan has been released into work. These forms are

also used to obtain disposition and nonrecurrence action, record removals and

reinstallations, travel incomplete items, to accomplish troubleshooting in the

resolution of equipment problems, and Materiel Review Actions.

DOP HISTORY SHEET

(DHS)

The D0P History Sheet (DHS) is used to provide a real time historical

record of all unplanned changes to the procedure encountered during the

accomplishment of a Detailed Operating procedure. The DHS form is used to

record all D0P discrepancies, errors, deviations, test interruptions and

corrective actions occurring after the DOP has been placed in work.

DHS items are reviewed at the DOP post test review and classified

into one of the following categories:

a) Hardware Nonconformance, UER No.

b) Software Nonconformance, SPR No.

c) Permanent DOP change, (explain)

d) One time DOP change, (explain)

e) Test Termination, (reason)

f) Test Interruption, (reason)
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CORRECTIVE ACTION - TITAN

Originated by MARS, MRB action, failure analysis or significant

problems recorded in historical data files.

Denver Mission Success is notified by telephone of all significant

impact or potential impact problems. A Corrective Action Problem Summary

(CAPS) is prepared and tasks assigned. Other Corrective Action traceability

and follow-up by Failure Analysis Reports, Corrective Action Directive,

Corrective Action Directive Reply and Supplier Corrective Action ReQuest.

CORRECTIVE ACTION - IUS

Copies of all UERs are forwarded to Quality Data Systems at Kent.

The Corrective Action Board, also located at Kent, reviews all UERs for trends

and/or significant problems and prepares Problem Packages for those items

requiring foliow-up and corrective action.

Potential launch on time and flight impact problems occurlng during

IUS processing at ELS are coordinated with the Corrective Action Board via

telecon.

Vendor corrective actlon is implemented from Boeing/Kent.

VEHICLE IMPACT STATUS

A listing of all flight impact problems which must be resolved prior

to entering the launch Flight Test Readiness Review. _hese impacts are

significant problems which are regarded to be mission critical. The items

which are classified as flight impacts are placed on the Vehicle Impact Status

Report after a thorough review and evaluation of the problem by

representatives of SO/Aerospace and the Boeing Failure Review Board or Martln

Mission Success group.

The Vehicle Impact Report is updated every two weeks during vehicle

processing and daily as the launch date draws near.
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IV. CALIBRATION

Calibration of tools and precision measuring and test equipment is

performed, maintained and verified in accordance with MIL-C-45662, Calibration

System ReQuirements and other sub-tier documents.

Martin Calibration Lab calibrates those Titan program items which

cannot be processed through the Range Precision Measurement EQuipment Lab due

to schedule or technical requirements. The Martin Cal Lab maintains a file of

calibration procedures and the AFTO Form 136 for each item requiring

calibration.

Boeing has no calibration lab at ELS, and all items requiring

calibration are sent out to the PMEL facillty. Boeing supply keeps a copy of

the calibration record and maintains the recall system.

The basic record system for calibration management consists of the

AFTO Form 136, Precision Measurement EQuipment Record. These cards provide

equipment nomenclature, tolerance capability, cal cycle requirements,

maintenance and repair history.

A "No Ca1 Reauireo _' sticker is applied to all indicating devices and

equipment not requiring calibration. All calibrated equipment must exhibit a

calibration certification sticker which indicates the day, month, and year the

calibration was accomplished, and the calibration expiration date.

All equipment calibrated by Martin or the PMEL is traceable to the

National Bureau of Standards.
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V. CONFIGURATION STATUS AND ACCOUNT#BILITY - TITAN

The Titan configuration accountabilitY system is maintained on all

deliverable/non-dellverable end items and test tools In accordance wlth the

Configuration and Data Management Plan.

All modifications to airborne and ground equipment are performed in

accordance with approved Change Operations Directives received from Denver.

Local authorization to perform the modification is by Modification

Authorization MARS.

The Operations Planning Group schedules the rood Incorporation and the

Mod Installatlon Group prepares the MARS with all the appllcable incorporatlon

infomation (Mod instructions, engineering drawings, retest required).

Mod incorporation accountability is by Quality and Air Force

Acceptance stamping on the MARS.

Applicable logs and historical records are updated by QA to relfect

the latest configuration status and concurrence obtained from AFQA.

Paper Change Only roods are accounted for by QA acceptance on a Change

Accountabillty Completion Input Card.

A Configuration and Data Management tab run showing the mod status is

updated daily and printed weekly.

Martin ELS has a computer and terminal which ls used to record

configuration status. The Martln ELS Configuration Data System has the

capability to cluerle the Denver Configuration Management Data System for

status but does not input to that computer.

A tab run ltstlng of all the Martin ELS completed roods ls forwarded

to Denver Configuration Management on a weekly basts.
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CONFIGURATION STATUS AND ACCOUNTABILITY - IUS

IUS CONFIGURATION MANAGEMENT RECORDS

Provldes accountability for the engineering requirements of a

committed change.

All configuration changes reviewed, approved and directed by the ELS

Change Board.

The following fores are utilized in the implementation and

documentation of committed changes at ELS:

CHANGE BOARD CON4II_ENT RECORD

The ELS Change Board prepares and authorizes an ELS Change Board

Commitment Record (CBCR) which includes schedule commitments and resource

identification for implementation of the change as scheduled.

DOCUMENT RELEASE COMPLETION RECORD (DRCR)

Document Release Completion Record (DRCR) fozms are used at ELS only

to record the release of a document required by a committed change.

DRCRs shall be used for the following types of committed releases=

(1) Complete DOP revisions.

(2) DOP APCN releases.

(3) Test Report completions.

(4) Other documentation releases identified by ELS CBCR commitments.

ENGINEERING RELEASE COMPLETION RECORD (ERCR)

ERCR is used to record the release of a hardware committed change.

This document is a Boeing/Seattle engineering initiated document.

PLANNING ACCOUNTABILITY RECORD (PAR)

The Planning Accountability Record (PAR) provides cross-referenced

accounting of Engineering Drawing Oata Required (ERCR) to the Manufacturing

Planning released to incorporate a specific controlled or committed

Engineering Change and Work Increments (Wls). The PAR provides accountability

of the complete change incorporation.
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Vl. TITAN & IUS

FLIGHT TEST READINESS REVIEWS

Readiness Review - A detailed presentation to Government and

contractor agencies which provides the status of the launch vehicle,

associated AGE, launch crews, schedule, mission success problems, design,

logistics and limited life/cycle components. The review will assess the

readiness to proceed to the next scheduled milestone or launch.

INCREMENTAL REVIEWS

At selected key incremental review points during the launch

processing of each vehicle the Readiness Review Team Members convene to review

the status of the launch vehlcle.testing to that point.

Technical concurrence by the Readiness Review Team Members

constitutes test readiness to that point and authorizes continuation of the

testing, and In the final analysis, the authority to proceed with the launch

activity.
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VEHICLE STATUS SUMMARY REPORT - VSSR

The Vehicle Status Summary Report (VSSR) defines the condition and

status of the vehicle as it exists at the completion of Acceptance Testing.

It contalns a llstlng of condltions for movement of the vehicle, contractor

certlflcatlon, and Acceptance Team recommendation.

The signing of the VSSR authorizes the vehicle to move from the

subsystem testing phase of the acceptance activity to the testing phase

directly associated with the launch preparation activity, i.e., move to the

pad or move to Vertical Processing Facility (IUS).
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PEDIGREE PROGRAM

Pedigree - Special reviews conducted at the component and/or device

subsystem and system level to ensure a flight worthiness of the airborne

hardware and its spares, and to support vehicle acceptance.

Airborne components are considered critical to mission success.

These components are approved for flight usage after a review of the build,

test, and failure data of each com..ponentby serial number. SD/Aerospace data

review and approval prior to launch is required.

The Component Pedigree Status list contains a listing of designated

critical components approved for use at ELS.

The pedigree of a component is voided whenever a pedigree component

is rejected, modified, or returned to the vendor for modification or retest,

etc.
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DATA PACKAGES

Prior to each Readiness Review, a Quality and Reliability Subworking

Group reviews and evaluates the Readiness Review Data Package prepared by each

contractor. The Data Package contains data concerning vehicle shortages,

component replacements, time/cycle sensitive components, pedigree and

Qualification status, open waivers, failure analysis status, test procedure

status, vehicle and AGE modification status, corrective action problem status,

open items status, identification of any launch/test restraints, and a listing

of key personnel.

At the conclusion of the Data Package review and evaluation, the

Quality and Reliability Subworking Group determines if there are any

restraints to proceeding with the next major event and notifies the Air Force

Vehicle Test Controller of its decision prior to the Readiness Review.
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NDE FOR FIBER REINFORCED COMPOSITES

STANDARDS/CRITERIA/APPROACHES

Presented by Alex Vary
NASA Lewis Research Center

CIeveland, Ohio

To Composites Technology Workshop
Hisston Assurance Conference

Los An9eles, California, 7-8-9 June 1983

ABSTRACT

An overvlew is gtven on problem areas Involved in extabltshfn9 meaningful
nondestructive evaluation (NDE) approaches for aerospace composites. The
questions of unassailable accept/reject criteria and standard reference
materials for NDE calibrations are invoked. The focus is on filament-wound

casings for reusable space shuttle boosters. Current NDE approaches are
reviewed and critiqued. A new approach is described and examples of its
potentials are given. The new approach, termed acousto-ultrasontcs, 9oes
beyond flaw detection and characterization by attemptln9 to assess the
mechanical/dynamic response of the material environment in which the flaws
restde.
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CORRELATION OF STRESS gAVE FACTOR WITH

HECHANICAL BEHAVIOR OF COMPOSITE LAHINATES

The acousto-ulLrasonic approach was introduced at the Lewis Research Center
to handle nondestructive evaluation requirements peculiar to composite laminates.
Acousto-ultrasontcs overcomes difficulties associated wtth the htgh degree of
antsotropy and pronounced attenuation exhibited by ftber reinforced compos]te$,
The primary objective of acousto-ultrasontcs ts to assess morphological variations
that 9overn extrinsic properties and, hence, mechanical behavior.

The acousto-ultrasontc approach is based on measuring the propagation of simulated
stress waves primarily along the major load directions in fiber reinforced laminates.
This is accomplished by measuring a quantity called the stress wave factor (SMF).
The SWF provides a means for rattng the efficiency of dynamic strain energy
transfer in a material, if a given composite material exhibits efficient stress
wave energy transfer, then it is likely to have a greater strength. That is,
better stress wave energy transmission means better transmission of dynamic Stress
and load distribution. Conversely, low values of SWF would ]ndtcate places where
dynamic strain energy ts likely to concentrate and promote fracture.

The purpose of the study reported In this highlight was to determine how stress
wave factor (SWF) measurements relate to mechanical behavior exhibited by
composite laminates subjected to mild tensile loading (i.e., loading Just short of
inducing fracture). To accomplish this, SWF measurements were made on vtrgin spec]-
mens of a 91ass/epoxy laminate. A grtd system was used to subdivide the lateral
surface of the specimens. Using the 9rtd as a guide, a series of 51 overlapping
SWF readings were made to create a topological mapping of variations tn the SWF.
These variations corresponded to nonuniformittes in material morphology due, for
example, to slight differences tn mtcrovoid content, cure state, and f|ber/restn
ratio from point to point. An example of the SWF topology is illustrated tn the
accompanying figure. All the SWF measurements are directional and parallel to the
major axis of the laminate. Subsequently, the specimens were tncremental.ly loaded

and_lateraltens!le.dt.spl.ac.em.e..nts of the sp.ectm_ens were recorded by Hotr_ inter
.._,v,,,_4.,/, a_ *llu_I.f-ac._Cl In Lne ac;¢ompanylng T1gure.

Variations tn lateral displacements and, by inference, local variations tn stiff-
ness correlate well with the SWF topology. Thts correlation helps establish the

viability of the acousto-ultrasontc approach tn assessing the|potehtial mechanical
behavtor of composite laminates and thus predicting their dynamic response,

REFERENCES:

A. Vary, "Acousto-Ultrasontc Characterization of Fiber Reinforced Composites,"
t4atertals Evaluation, Vol. 40, No. 6, May 1982, pp. 650-654, 662.

E. G. Henneke, II, et el., " A Study of the Stress Wave Factor Technique for the
Characterization of Composite Materials," NASA Contractor Report 3670 (1983)o

J. H. Williams, Jr., et el., "Ultrasonic Input-Output for Ttransmlttlng and
Receiving Longitudinal Transducers Coupled to the Same Face of Isotroplc
Elasttc Plate," Hatertals Evaluation, Vol. 40, No. 6, Hay 1982, pp. 655-662.
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BEST FIT PROGRAM FOR DIMENSIONAL REFERENCE ADJUSTMENT

ABSTRACT

The Lockheed-Georgia Company has developed a "Best Fit" program which

works in conjunction with a CCMM. When measuring complex aircraft

parts there is often no accurate method of aligning the part references

to the measuring machine. This required re-measuring the part with

references manually shifted until a best fit was obtained. Using the

"Best Fit" program references are automatically shifted in 6 degrees

of freedom to reduce the out of tolerance wherever possible.

C. F. (Bud) Nix, Jr.

Lockheed-Georgia Co.

Marietta, Georgia
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SUMMARY OF ISSUES

AND RECOMMENDATIONS



ADVANCED ASSURANCE TECHNOLOGY - MICROELECTRONICS

S_4MARY OF

ISSUES AND KECOMMEN[_TIONS

I. Use of P95 Monitored Line System

_ssue

Use of P95 monitored line system by NASA.

Recommendations

NASA management establish system interface

with Lockheed which will permit use of the P95

monitored llne system on NASA projects. (Provides

high reliability nonstandard parts when "S" level

MIL spec parts do not exist.)

Suggested OPR

NASA

2. MIL-Spec System

Issue

Irregularities In the microcircuit MIL-Spec

system have caused a loss in confidence that might

affect the Aerospace industry's ability to procure

quallty assurance microcircuits, especially for the

new microcircuit families now appearing.

Reco,mendatlons

The panel recom_Izes the value and utility of

the MIL-Spec system to the procurement of quality

assured microcircuits. It recommends that the

Mission Assurance Conference endorse the need for

action to restore confidence in the quality assur-

ance controls of the MIL-Spec system. (Only 48% of

CMOS devices are qualified to "S" level. Hlgh

speed CHOS are the next generation of parts _ior

to LSI, VLSI, and VHSIC avallability. Steps need

to be taken to ensure qualification of high speed

CMOS to "S" level requirements. )

Suggested OPR

Space Division

3. Planning for Use of Microcircuits

Issue

Adequacy of overall Assurance Technology

planning for military and space use of VLSI and
VHSIC microcircuits.

Recommendations

Major problem areas associated with:

a) Present methods of internal visual and

burn-ln requirements may no longer be
adequate.

b) Current density design criteria is

8uspect.

c) Latent defect identification is a problem.

d) MIL-M-38510 qualification and lot accep-
tance criteria are not compatible with
VLSI and VHSIC.

It is recommended that a task force be estab-

!ished to address possible approaches for the

following key areas:

a) Use of test pattern testing philosophy to

supplement/replace internal visual inspec-
tions and tests.

b) Inclusion of more extensive evaluation/

verification of device design and

processes.

c) Incorporation of testability into design
criteria.

d) Development of new test/screenlng

philosophies,

This would ultimately lead to a MIL-M-385[0

equivalent for VLSI and VHSIC products.

Suggested OPR

AL_/NSIA/SD/NASA

4. Microelectronlc Device Physics

Issue

Microelectronic device physics associated with

the causes of radiation effects are not understood

In depth.

Recommendations

Endorse the development of a research program
to analyze the device physics involved in radiation

effects towards identification of fundamental

physical characteristics which lead to radiation

degradation and the physical and electrical alter-

ations caused by both total dose radiation exposure

and high energy single event strikes.
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S-uggest ed OPR

AIA/NSIA/SD/NASA (Government Lead)

5. Radiation Hazards

Issue

Impact of single event radiation hazards on
VLS I and VIIS IC.

Reco_,Mndat ions

A technical education project be undertaken to

describe the current known risks of single event

upsets (SEU) and their serious potentlal risks for

the more complex, smaller geometry devices of the

future. Emphasls should be placed upon the

probable need for both device and system level

solutions to the problems.

Suggested OPR

AIA/_SZA/SD/NASA

6. Test and Verification of VLSI and VHSIC Parts

_SSUe

Independent test and verification of VLSI and

VIISIC parts subsequent to manu£acturer test and
dellvery.

Recommendations

Establish a procurement philosophy for VLSI

and VlISIC that a copy of source codes and test

so£tware be made avai/able to the customer or

delivered wltheach procurement so independent

testing can be accomplished at a reasonable cost

when such tests are appropriate.

Suggested OPR

_croelectronics Committee
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ADVANCED ASSURANCE TECHNOLOGY - SOFTWARE ASSURANCE

SU_IARY OF

ISSUES AND RECOb_IENI_TIONS

I. Lack of Standard Data

1ague

There is a lack of standardized quantitative

data to assess current software assurance tech-

nology, identify future needs, and motivate new

development.

Recommendat ions

l_ndvstry should develop a system for defining,

collecting, and sharing data on the effectiveness

of software assurance technology. The effective-

hess of this data needs to be well thought out.

The voluntary participation of the community in

this issue is important. Comparative evaluation,

like the AIA cost data, 18 the proper way to

achieve this.

SusBeated OPR

AIAINSIA

2. Multiple Software Requirements

_asue

Software Q_ality Program requirements are

currently defined in several government 8pecffi-

catlons and standards (e.g., NIL-STD-1679, NIL-S-

52779A, NIL-STD-I644A). The multiple requlreaents

cause confusion in both industry and government

procurememt offices. Current action being taken by

the JLC in developlng NIL-STD-SDS and HIL-STD-SQAN

only partially resolves this issue.

Recommendations

Software quality program requirements should

be defined in only one document. This doctment

should include multldisclpline requirements cover-

ins the entire software development and support

process. It should standardize terainology, define

docu=eutation, and include provision for tailoring.

Sussested OPR

Space Dlvlson

3. STARS Program and J-LC Initiative

_ssue

The STARS Program and the JLC initiative to

develop HIL-STD-SDS and NIL-STD-SQPb/ share common

obJecCives, but they are being implemented in an

independent fashion.

Recomemndat ions

The STARS Program and the JLC lnitiativs to

develop NIL-STD-SDS and NIL-STD-SQ_! should

increase current coordination activities. This

should include mttltidiscipllned industry partici-

pation and other non-DOD agencies. Technical

c_£ttees frnm industry should establish l_tllon

with the STARS Program (_f£ce.

Suggested OPR

AIA/NSIA/SD
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ADVANCED ASSURANCE TECHNOLOGY - CAD/CAM/CAP

SUMMARY OF

I SSUES AND RECOMMENDATIONS

I. Interface Between CAD/CAH/CAV Systess

_ssue

There is no common language or interface

between CAD/CAM systems and computer controlled

verification tools.

Recom=endations

Government and industry should support the

related projects to develop such a co-_on /anguage
or interface which would allow verification tools

of various manufacturers to be integrated into a

CAD/CAM/CAV system without the need to develop

special software for each application. At the

present time, CAH-I has a project addressing the

problem and strong sponsorship is recommended.

Suggested OPR

AIA/NHIA

2. Machine Inspection

1 88 ue

Post machine inspection per_LttS production of

defective parts. For slgnlflcant Improvemants in

product quality and its assurance and productivity,

verification must occur In real time on the machine

during processing.

Recol_endat£ons

a) Development studies should be conducted to

identify effective monltorlng approaches

for machine tool systems.

b) The equipment manufacturers should be pro-
vlded incentives to include the required

in-process verification capabilities as

part of the basic equipment.

SuBgested OPR

ALVINSLY/m/t_ASA
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ADVANCED ASSURANCE TECHNOLOGY - PRODUCT

ASSURANCE RECORDS

SU}nqARY OF

ISSUES AND RECOI_IDATIONS

I. Records Management Systems

_ssue

Government contractors should evaluate their

existing records management systems and develop

state-of-the-art approaches.

Reco:mendatlons

An NSIA/AIA Panel should study the above issue

and present specific recommendations.

Suggested OPR

AIA/NSIA

2. Traditional CDRL and SDRL

I88ue

The necessity for some tradltlonal/hlstorlcal

government CDRL and prime contractor SDRL is ques-
tionable and not considered cost effective in

today's environment.

Recommendations

A Joint NASAIDODllndustry team sbould be

established to draft new specifications to stan-

dardize, improve the effectiveness, and reduce

deliverable data requirements.

Suggested OPR

AIA/NSIA/SD/NASA - Government Lead

3. Data/Records Systems

_88ue

There is a lack of coordinated government

interaction with industry to improve or automte

data/records systems.

Recomndatlons

Es_bllsh a NASA/DOD funded study effort to

evaluate the benefits and costs associated with

improving record menagement systems. This study

effort should cover all operations associated with

the management, design, procurement, build inspec-

tion, test acceptance, and operational use of

aerospace and a111tary equipment.

Suggested OPR

_)/NASA
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ADVANCED ASSURANCE TECHNOLOGY COMPOSITES

SU_R¥ OF
ISSUES AND RECO_fENDATIONS

I. Defect Monitoring

Issue

Presently NDE only finds abnormlltles. No
effort is mde to deteralne defect characteristics

or eater/a/ properties.

Recomenda tlons

a) Improve quantitative NDE technology to

enhance interpretabillty.

b) Laboratory methods exist or are emerging
that will alloy defect characterization.

Further, these methods produce documented

results that ,my be obtained later. This

would promote defect monitoring and growth

tracking without regard to knowledge of

previous equipment settings. This equip-

merit is cost effective because it would

use existing handling equipment.

Suggested OPR

2e

AIAI_SlAI _ II_ASA

Equipment and _ec_--___f_
". _;_!_: _'_ -.

Issue

a) NDE equipeant and techniques for field use

have not kept pace with available equip-
went on the metket.

b) Failure data and service history data is

not readily available to the menufacturer.

Recomnandattons

Extend NDE laprovements to field applications

end Improve failure analysis documentation for
feedback.

SuHested OPR

AIA/NSIA/SD/NASA - Government Lead (AFLC)

3. Laboratory Equipment

Issue

Laboratory equipment is developed and does not

_aln production acceptability. Production problems

ere not brought to the attention of the

researchers.

Recommendations

a) Encourage t'wo-_ay technology transfer
between research labs and users.

b) Techniques for solving production problems

are known, and some production assurance

problems exist that the researchers were
not a_are of.

Suggested OPR

AIA/NSIA/SD/NASA

4. Process Control

Issue

Process control methods could be improved to

provide data and feedback that would automate

composite cure cycles with a resulting improvement
In material properties, produclbility, and

repeatability.

Reco_eudatlons

Promote the assurance technology of real time

process control and feedback, e.g., cure

monitoring.

Suggested OPR

AIA/NSIA/SD/DL_SA - _antech Lead

5. Parts Inspection

Issue

There is sill1 insufficient dialogue between

designer, stress analysis, NDE, and production to
ensure that parts are adequately inspected,

produced, and have satisfactory accept/reject

criteria. Additionally, a conservative design
often results.

Recommendations

a) Require inspectability/producibility
evaluation at the time of design.

b) NDE Board consists of design, stress, NDE,

and production. When a design drawing Is

ready to be released, a review board
convenes to review produclbility, inspect-

ability, defect allowables, etc., and then

the drawing is signed by these reviewers.

Suggested OPR

AIA/NSIA

D-176 "



ADVANCED ASSURANCE TECHNOLOGY - CLOSE

TOLERANCE MEASUREMENTS OF

LARGE SCALE STRUCTURES

SUMMARY OF

ISSUES AND RECOMMENDATIONS

I. Measuring Large Structures in Space

Is8ue

Need to develop a design approach to measure

large structures erected or deployed in space.

Recommendations

Study contracts for design and fabrication of

structures in space should include technologies for

measurement in space which are compatible with

design requirements.

Sua_ested OPR

Contracting Apncies (NASA, AF Space Division)

2. Measurement Handbook

I_ue

A measurement handbook i8 r_eded to providr

measuring techniques and accuracies attainable for

measuring length/dlaBeters b'f'_..A_¢tu_

Large structures _rra_.,jl_, ,_IR_e. _r..
than 8 to I0 feet.

Reco-mendations

A capabilltie8 handbook should be developed by
the National Bureau of Standards (NBS), or by

industry with the cooperation of the I_S, to

describe existing accuracies/uncertainties asso-

ciated with msurands related to large scale

structures. Techniques for achieving cost-
effective measurements should be described.

This informetion should be disseminated to:

s) Design functions, to provide state-of-the-

art capability data.

b) Quality/Product Assurance functions, to

provide methods/technlque8 for measurement

of /arge scale structures to various
accuracies.

Suggested OPR

The National Conference of Standards Labora-

tories (NC-_.) and/or AIA Quality Assurance
Co_ttee

3. Attachment Methods

I8su_._e

Hard point attachments of large scale struc-

tures require high cost toolin E and complex

inspection methods to verify design requirements

and to ensure trouble-free, Interchangeable sssen-

bly. This problem is compounded in the case of

large scale structures.

Recommendations

Feasibility studies should be performed and

testing accomplished to qualify new designs for

flexible/adjustable attaching methods.

Suggested OPR

AF Wright Patterson Materials Laboratory

4. Verification of Large Structures

Issue

Verification or re-verification of large

structures, including tooling, is time consualng
and interrupts the production process.

Reco_ndations

Study and formulate new or improved techniques

for improving productivity of inspectlon/verlfl-

cation processes, especially those related to large
structures.

Suggested OPR

Dual Industry-governmen¢ responsibility -

industry (unsolicited proposals), AFSC, and
NASA

D-177



Chairmen:

Lt. Col. S. Hunter

USAF Space Division

Lanny Schooler
Martin Marietta Aerospace

Don Moore

Defense Logistics Agency (DLA)

WORKSHOP E

ELECTRONIC PARTS WORKSHOP

Coordinators:

Ralph Enz
The Aerospace Corporation

Paul Dick
General Electric

SESSION 1 -- PARTS MANAGEMENT SUBWORKSHOP

DoD Standardization and Specification Program

Hi-Rel Parts Management Considerations

Parts Management Project Office Viewpoint

Parts Management Workshop, Vendor Viewpoint

Government Source Quality Assurance

R. Kunihiro, OASD

Keeney/Campbell, Boeing

R. Moorehead, JSC

D. Lambert, Signetics

D. Moore, DLA

SESSION 2 -- PARTS AVAILABILITY/COST SUBWORKSHOP

Present Status of Space Grade Parts

Availability of Parts for Space Systems/Costs

Monitored Line Approach

Microcircuit Qualifications

VLSI Design, Reliability, Quantity, Qualification,
Logistics Supportability

Microprocessors and VLSI Devices
Availability for Space Use

J. McGuirk, Honeywell

B. Evans, TRW

W. Geller, LSMC

R. E. Depp, DESC

E. J. Wescott, RADC

L. Hamiter, Parts Tech Inc.

SESSION 3 -- SPACE QUALITY OF NEW PART TECHNOLOGIES SUBWORKSHOP

Workshop Focus

Advanced NMOS Process Characterization
and Control

Manufacturing Considerations

Technology Insertion for Space Applications

R. Lambert, Signetics

D. Meyer, IBM

E. R. Wolfe, T.I.

K. D. Lemon, National Semiconductor



DEPARTMENT OF DEFENSE DMSSO ORGANIZATION

STANDARDIZATION b
SPECIFICATION PROGRAM

PRESENTER:

RONALD A• KUNIHIRO

DEFENSE MATERIEL SPECIFICATION
AND STANDARDS OFFICE

Av i ,

I

I-I_',,,_ _ _ ,.m ,_,,._.

l

;,,. .,

Malmmm
• , • cvmAc.._.
• .-c_ :.Et,

DEFENSE STANDARDIZATION AND
SPECIFICATION PROGRAM (DSSP)

REQUIRED BY LAW

DEFENSE CATALOGING & STANDARDIZATION

ACT

TITLE 10, U.S. CODE CHAPTER 145
SECTIONS 2451-2456

• DIRECTED DEVELOPMENT OF THE PROGRAM

• RE(3UIRES ACHIEVEMENT OF HIGHEST PRACTICABLE

OEGREEOF STANDARDIZATIONOF ITEMS & PRACTICES
USED _ DOD

DEPARTMENT OF DEFENSE

PARTS CONTROL PROGRAM

_SP OBJECTNES

• IMPROVE OPERATIONAL READINESS OF
MILITARY SERVICES

• MINIMIZE VARIETY OF rrEMS, PROCESSES
AND PRACTICES USED IN ACQUISITION AND
LOGISTIC SUPPORT

• ENHANCE INTERCHANGEABIUTY,
RELIABILITY AND MAINTAINABILITY OF

MILTIARY EQUIPMENTS AND SUPPLIES

OBJECTIVE OF DSSP ACHIEVED BY:

• PREVENTING DUPLICATIVE AND
OVERLAPPING SPECIFICATIONS AND
STANDARDS•

• USING EXISTING TECHNOLOGY TO
SATISFY NEW EQUIPMENT AND SYSTEM

REQUIREMENTS•

• ESTABLISHING AND USING STANDARD

TYPES AND SIZES OF ITEMS AND
EQUIPMENTS.

• REVIEWING ITEMS IN THE INVENTORY
TO LIMIT VARIETIES AND SIZES TO THE
MINIMUM NUMBER NEEDED•

"STANDARDIZE DURING DF.81GN"

I_MI IMClRCMIII
IINIMBII_T FIll _

_-_"-llgl

PROBLEMS DRIVING THE NEED FOR
PARTS CONTROL

DIMINISHING ACQUISITION DOLLARS VS.
INCREASING EQUIPMENT COMPLEXITY

COST OF OWNING EQUIPMENT/SYSTEMS

DEMANDS FOR IMPROVING:

-- RELIABILITY /MAINTAINABlUTY
- QUALITY

-- PERFORMANCE

--READINESS
- INDUSTRIAL BASE/PRODUCTIVITY

- DIMINISHING SOURCES
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THE EQUIPMENT DESIGNER WILL USE
STANDARD PARTS IF HE

1. KNOWS WHAT IS AVAILABLE

2. CAN COMMUNICATE HIS PARTS NEEDS

3. MAY USE CURRENT TECHNOLOGY
PARTS

4. IS ASSURED DESIGN FREEDOM

DESIGN SELECTION CONSULTING
.,oY_rlEM

• _ _./sl,_arm/_,..;_

DOD PARTS CONTROL PROGRAM POLICY

DOD INSTRUCTION 4120.19 June lg81

• SINGLE INTEGRATED PROGRAM

• ADVISORY ENGINEERING SUPPORT SERVICES

MlUTARY PARTS CONTROL ADVISORY

GROUPS (MPCAGI

• PROGRAM APPUCATION

--DESIGN

- DEVELOPMENT

-PRODUCTION
- MODIFICATION

• REQUIRE JUSTIFICATION WHEN THE PROVISIONS

OF THE INSTRUCTION ARE NOT APPUED

DLA MPCAG8

t
ELECTRONIC/ELECTRICAL

PARTS

!
DEFENSE EI.J_CTRONiCI

SUPPLY CENTER IDESC)
MPCAO ESTABLISHED: 11172

i o,,_o,o.,.____oo
DEFENSE GENERAL

SUPPLY CENTER (DG$CI
MPCAG ESTABUSHED: 117l

RICHMOND, VIRGINIA

PARTS CONTROL ISYSTEM

MECHANICAL TYPEPARTI

l
DERENSE INDUSTRIALSUPPLY CENTER _DISC)

i MPC, AG ESTABUSHED: TII7$
I PHiLADELPHiA. PA

i

DEFENSE CONSTRUCTION
SUPPLY CENTER (DCSC)

MPCAG ESTABLISHED: 1if/!
COLUMBUS, OHIO

MIL-STD-865

INTENDED FOR:

• MAJOR WEAPON SYSTEMS

• EQUIPMENT REQUIRING PROVISIONING
LOGISTIC SUPPORT

• OTHER CONTRACTS OR INTERNAL
GOVERNMENT PROGRAMS IN WHICH
LIFE CYCLE BENEFITS CAN BE DERIVED

MAIN PURPOSE

PROVIDE ENGINEERING
RECOMMENDATIONS TO EQUIPMENT
DESIGNERS IN SELECTION AND USE OF

STANDARD PARTS

PARTSCONTROLBOARD(SYSTEM
CONTRAC_

MnJTARY pRIME CONTRACTOR
mOJECT
OFRCER

I_LITARY
S_mnCE

ENmNFJER \ MI:CAG

_OR

PRODUCTS FOR MPCAG SUPPORT

_mml NKICN¢_ m

8 m¢ ml¢ lu¢
Mrmll m W m
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DOD PARTS CONTROL PROGRAM
MPCAG SERVICES TO THE PROCURING

ACTIVITY INCLUDE

• EQUIPMENT SPECIFICATION REVIEW

• BID EVALUATION REVIEW

• PARTS CONTROL

• SPECIFICATION PREPARATION

ORIGINAL EQUIPMENT
MANUFACTURERS PART MANUFACTURERS

PART NUMBER PART NUMBER

cO.T_xB'"°'x.m_,,_ _ _'_UM'CONOUCTOR_o _
OAT" -,..-.m-.,..._ _ nDA CA_.

UI"rON

Im_R

40_ J MICROCIRCUITSPERRY STANDARDIZATION ACTIONS

PLUS32OTHERNUM_'IRS

MAJOR SYSTEMS USING PARTS
CONTROL PROGRAMS

MILITARY PARTS CONTROL ADVISORY GROUP (MPCAG)
NUMBER OF NEW CONTRACTS ASSIGNED FOR MPCAG

SUPPORT DURING YEAR
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22O
2OO

180

140
120
loo

8O
e0
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2O
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nnn 
73 14 75 76 77 711 19

CALENDAR YEAR

222

ii
80 81 82

CURRENT CONTRACT DISTRIBUTION

F-15 XM-1 TANK

F-16 GPS

1=-18 MAVERICK since 6 muu

B-E2-OAS AAH mawr
AWACS LAMPS

AMRAAM MINUTEMAN _'

ALCM MX _. mum

616A MODEM SHU'I'rLE IUS mm_. memo

TADS/PNVS AN/UYK-43,44 o_mn0m.-mm_

PERSHING RPV _ mu_sn

SEEK IGLOO E4B nwNm men

A-10 C0_TB mman

mtg B/¢ BlmPmm

TYPES OF CONTRACTS SUPPORTED

(ACTIVE TODAY)
INO OF CONTRACTSI

I

I

I

)

I

I

I I i I I [; " ,, ',. ,. ,. - 4o ,,

MPCAe _ TO
_ CONlmAClrl

I D!̧oO@@

THE VALUE OF PARTS STANDARDIZATION

VALUE OF DESIGN DOCUMENTATION
COST AVOIDANCE (ONE TIME)

PLUS

VALUE OF TESTING COST AVOIDANCE
(ONE TIME QUALIFICATION)

PLUS

VALUE OF SUPPLY MANAGEMENT
COST AVOIDANCE

PLUS

VALUE OF MAINTENANCE COST
AVOIDANCE
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HI-REL PARTS MANAGEMENT CONSIDERATIONS

a. H. KEENEY
SYSTENASSURANCEMANAGER

S. S. CAMPBELL
PARTS, MATERIALS & PROCESSESMANAGER

IUS PRO6RAM
BOEING AEROSPACE COMPARY

KENT, WASHINGTON

INTRI)I)IJCTION- The charts in this section reflect a
historical look at the management challenge involved
in obtaining extremely high-reliability parts for
the IUS program. The parts requirements laid down
for the IUS program were the most stringent require-
ments issued by government and accepted by industry
in the 1978-1980 time frame.

The presentors expect to stimulate participant
,n_era,_,u,,a,,u,,uwful,y _u,,__-,uu_with solid recom-
mendations through this material. This presentation
is the prime contractor's view; the government and
parts supplier views follow. The written material

that follows is in the form of explaining the mes-
sage and any clarifications required to understand-
ing the charts. It is believed that each chart is
basically self explanatory and detailed written
material was not requested nor is it necessary.

Chart 1 - This chart explains the presentation
organization from the contractor's view and carries
the participants through acquisition, problem reso-
lution, program experience and conclusions and
recommendations.

Chart 2 - Section Divider for Parts Acquisition

Chart 3 - A pictorial representation of the parts
acquisition flow process. The example is for a mic-
rocircuit but the process is the same for other part
types.

Chart 4 - This chart shows the procurement tracking
process detailing the type of data tracked and the
responsible organizations for each. This informa-
tion was posted on wall displays and viewed by
management weekly until the parts acquisition pro-
cess was well under control, e_go_ until at least
30% of a range of parts was in stores.

Chart 5 - Shows the technical and business deci-
sions that have to somehow fit together to arrive at
the decision point on which part to use in a high
reliability design.

Chart 5 - Presents four possible options for ob-
taining high-reliability parts, once the part type
has been selected. There are other options but
these were those considered prime for the IUS
program.

Chart 7 - Shows the magnitude of the Parts Manage-
ment task, that is, the total number of part types
and quantities per vehicle that had to be specified,
procured and delivered. This chart reflects
electronic/electrical parts only. There were, of
course, many additional mechanical/structural parts
which were no small management task in themselves.

Chart 8 - Once the best schedules were negotlated
with the suppliers, program schedules could be
solidified. This chart shows what was negotiated
with the suppliers by part class and set the stage
for the original program schedules.

Chart 9 - Shows concerns, both real and imaginary,
exhibited by the suppliers when faced with building
to the high reliability requirements. These con-
cerns served as the technical Justification for the
schedules the parts suppliers claimed were needed.
As shown, some of these concerns proved to be
unfounded.

Chart 10 - The contractor also had concerns, three
of which are shown on this chart. The focus of some
of these concerns were made known through the parts
suppliers and subcontractors.

Chart 11 - Presents the fallout during receiving
inspection, _A and data review after all the high
reliability controls were implemented upstream of
receipt. While the data is for Boeing make items
only, it is believed to be representative of IUS
subcontractors as well.

Chart 12 - Section divider for Problem Resolution.

Chart 13 - Presents the pros and cons of six
different management approaches for avoiding parts
problems. Most of these approaches were used on the
IUS progremfor at least several part types.

Chart 14 - Shows, in order of priority (acceptance),
what was ultimately negotiated wfth SD/It_SA for
parts substitutions on the ILISProgram.

Chart 15 - Shows most of the ways problems can be
identified to parts management and those organiza-
tions that must be brought into the problem for
ultimate resolutions.

Chart 16 - Presents the management tiering of part
problems and the responsibility for each level of
problem.

chart 17 - Section Divider for Program Experience

Chart 18 - Shows some examples of how custom high-
rellability procurement can overshadow mll-spec
parts costs. A!so sho_wnis how procurement quantity
drastically affects the cost of these high-relia-
bility parts.

Chart 19a through h Show the actual deltvery
schedules by parts vendor for the various parts
classes vs. the schedules committed at negotiations.

Chart 21) - Lays out in summary form the actual
performance of suppliers vs. that negotiated. This
chart also shows how much schedule a contractor
needs to set aside just for high-reliabillty parts
acquisition.

Chart 21 - Shows the experience to date on part
failures including both quallflcation and acceptance
testing.

Chart 22 - Outlines some lessons learned from the

parts acquisition process on the IUS program.
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Chart 23 - Section Civider for Conclusions & Recom-
mendations

Chart 24 & 25 - Self explanatory management con-
clusion & recommendations for future high-relia-
bility parts contracts.

Chart I.

Primt" l Ollfr_l_.l,Dr_ View

• ParL_ AL'qui_ilhm

• Problem Re_w)luth,.

• Pyusram F_lx'rie.ce

• Conclusimls & Recommr.datiu.s

HI-Rel labll Ity Parts Management
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AEC_IV_ STATUS

UATmL _ I ImP pnOO_T*O(W
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Chart 4. Procurement Tracking

• Selection

• Specification/Procuremenl

• Build Surveillance

• Acceptance

Chart 2. Parts Acquisition

Chart 5. High Reliability Parts Selection Olympics

am ...._ llu_cl ms¢ mmm_ t_r.o_v•_vo_,

_p#_._ Pr_._., (:"_-2

• Cla_ $ ((_PL_ • (;,,_'1 _,.r_* m_l_di,m • Mi.imu,w hu_ & I,),_[( le_d lim_

• N,, ,ix%. pr_.p n_i.I • Limtled parl I_ pe_

• %',* ;lll:llifi_';llim_ Isa_le

• pr._'uI_-ment • Pr,_" t_m_eut 11_ihil(l_ • %litvimu**l h.** ._. I,,._ lead rhl*_

• _,mr*'e i,)_pe_ _m,,ureqmred

• Rl,.k ih_l _e_l,*r _ill m* hid

• %lllllilqlrt*_l I ;t_. • (;l,+ "l V,ltr, _'ill_Ik'*'Id,ll • _*|InllMillll h11_*& |I*l;'_ _*._ liln(*

• N,, ql*;_li_':*l*,,n hattie • _I) a_*ri.al _c*q**ir_l iSl) c.'*_f_i

• Pri_*rJr_ r_*L

• Ul_rml_ .¢._'r_'r|ila_ • L,i* i*lili;ll pr*,_'ilre- • _w_lia*mlahl(* ioi Ira¢'e_lhiiil)

IMIL._PF( ¸ .*r _IIL ¸ ._*lt L'*,_I * L,'_ Ym_kl r_L

_;R _IW parle) * ¢_11_'w _;+.( stow • High ri_k (or I*,1 reje_'licm

Chart 3. IUS Parts Flow Microcircuits Chart 6. Options for High Reliability
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Parr Na0ne

Capa¢ih)rs .tO

Cont_'cto_ 3 3

Crystals 7

l)i*_d_ 5_

Fu_ 6

Ma_netk_ I 15

Microcircuits I .;5

Relays I I

Res_stor_ 20

Transistors 41

Swilches I0

Misc. 4+<

Total 514

Chart 7. IUS Parts Summary
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Chart 8.
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Chart 9.
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Chart IO. Parts Management Concerns E-7

• Lol_ retYivetl

• L,)I_ Rejected

Data Review 3

Failed subsequent Iol tests J

lYPA 18

Receiving lest 2

183

26 ( 14'>T,p

Chart 11. M1croclrcuit Lot Summary

• Options avlilable

• Part substitution p_licy

• Problem mltnIgement

Chart 12. Problem Resolution

• Dual _ource procuren_n! • Reduc¢_ iml_lCl uf lul • Intreat•+ qt) uf let_

failure _end,lr )lidt_ • Added uturct'_ require quII

• Procure MIL Grade aklnm • L._ ¢o_t hack-up pmrt_ • UpIl_de _cmmiol_ is a risk
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an ail-_able contracl
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Chart 13. Management Options For Avoiding Problems

In Order of Priority Pro•ram Requirenwnl

|. U_e parts throulth Grtmp "'A'" No desiafion requited

It_tlillg Inot yet through Qual

2. Oilier "'Hi Rel'" I)rogram sourcc_ I)e_iath)n required

wilh llrlll)o_l _cr_'llillg lll)_4rade_

if m ;irfanled+

S.AMSO. NASA. NSA. elc.

Re_ie_ rellnirelllenL_ _.

l_,)it¢lililln

-1, NN311 or ('la_q "'H" hi,fade, l)_._ialion required

4 73-2C Lol rcjet'liam, r¢_crt'ent'd ProLt office appn.'al plus

|W.._ ialion required

.4;, Other Prog office appro_ al plus

l)esiathm reqnired

Chart 14. Parts Substitlon Policy
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Chart15. ProblemIdentificationand Management

Chart 16. ProblemReporting and Review

• Parts Cosls

• Actual Schedules Vs. Nel.tiated

• Paris Reliability

• I.zssons I_arned

Chart 17. ProgramExperience
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Chart 18. Cu_t_ High ReliabilityProcessingCost,
IC's
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Chart lga. Diodes
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Chart 19e. Capacitors
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Chart19f. Resistors
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Chart 20. PartsAcquisitionSummary

• Oniy i 0'_ of (allures are part rebted ( I I I /1062 i

• Broken down as follows:

Pmrt Type Failures

Diodes 6 5

Microcircuits 39 3S

Transistors O 0

Relays 14 I.t

Cap_dtors 7 6

Resistors 7 6

Connectors 25 23

Miscellaneous* 13 12

III I00

¢16/39 are memory devices)

*inch Ma_metics -9. Indicators -2. Fuse -|. Crystal -I

Chart 21. Part Failure History

• Veodors require frequent contractor attention tO keep product

"movinJ¢'. eves Ihnush already Isle.

• There is a need for QPL Class "'S" eleclrt.nechank'al & passive

parl_.

• Addinll spe_'ial h_h relklhilit) requiremcnls on lop of _4_|e Source

_upplier re_uhs in dispr.lmrlioualcly hitdl c_l_.

• Colorant ca_.=od-feeUinl .r parl_ supl)lie_ is required due to their

reluctance to aC_.'Cl)I _l)_crllln_nl S_)_lL*i_l _uirel1111_'|lt%,

• Hi_h-Re|i_hilil)' i)3rl*; :ire i)nvhlv off h)' rt_|.t_n_ |x, rcent_e nf

f_ilures due to p,lrl'_. I tO', p;lrl., fnilure,. Oll |US is. $$', ¢)11 U missile

i_oLlraln I

• While coUlm'ls nlly emphl_izc ira-shore _uikl• esmenliul|y all C_sa

"'S" mk-rociretdl packalF_ am_ from Japan

• For minimmn boy quantities. OPL cm'_ "S °" IC's cuSl I_'; Io JOG k._

than S(_I) paris

Chart 22. Lessons Learned

Chart 23.

• ('on|r=lc|s)r cttoc|ns_tns

• RecontnlelNJ;llillo_ I'¢)r:

• (;ovenlfl_t'nl

• (.'onl ra_'lol_

• _pplie_

Conclusions and Recommendations



Mi_'on4:clltioltS

• Govcrnmel_t helicve_ th;it Colllractor_/sUl)l)lier_ (:an always find

;i few extr:l part. when l)r.)blel._-, develop

• ¢Jovernlnel|t ll:i. in11)rex.ioll lhat C'Olltractors will trade oft"

reliability if ..,t watt'heal

• Governn)ent believes that parts suppliers are at their beck and

¢'all

Facts

• Receiving te_t. il)Sl_Cl_c.1 _,and I)PA are weeding out _me

potential failures eve. with high reliability requirement,',

• Schedule ct.nmilments from parts suppliers are of little value

• Lack of goverm.ent standnrdizalio, along with small quantities

is too costly

• High reliability requirements are Ilenerally working, fewer

failures due to parts are noted

• Requirements have no "'sunset" laws

Chart 24. Conclusions(ContractorsView)

• For Government -

• Standardize reqts, luse & expand class "S" specs as required )

• Don't invent in mid stream

• Utilize technical advisors to refine specs, not to manalle real

time

• Don't negotiate contractors into corner with no provisions for

beckout

• For Contractors -

• Believe in seriousness of requirements

• Put more faith in track records and less in promises when

selecting subs & suppliers
• Don't trade off R&I and DPA

• For Parts Suppliers -

• Put more production management in nesotiations & less

marketing manasement

• Don't promise something you can't do or haven't done

• Develop product descriptio, informatiu, system for Class "'S'"

equivalent parts

Chart25. Recommendations
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PARTS MANAGEMENT PROJECT OFFICE VIEWPOINT

R. W. Moorehead

NASA LBJ Space Center

SCOPE 0t: BRIEFING

0 OVERALL PROJECT OFFICE VI_INT OF PARTS IVUiA_NT

0 SPACE SHUTTLE ORBITER PROJECT PARTS PL4,HAGEI'_NT EXPERIENCE

0 SPACE SHUTTLE ORBITER PROJECT PARTS PIARAGE/qENT LESSONS LEARNED

O CONCLUSIONS

OF(ULL INIOJECT OFFIC[ Vl(kPOIPT OF PMTS _IIT

The project office NJacthe ts to coAvert project 4eslg_ ceecepts Into delivered

harA-SrS thor wtll eccoIplBh tke klflM4 tcoks. The totol Iwo_oct effOrt ts

dflvan by the dwft_d tosk, ecSlldoli bud_t, and requl_ld echedvle.

Thw criticality of mtsst0n obJKtlvos h the Im_or factor Sn 4ofl#tng the systan
architecture and _arts 14nngencet 0pproacheS. For wost of the cm_mt projects,

electrical, olKtronlc, led sIKtrmmchanScal parts ere _or building ptocka tn
the ftbrlcatloo of the required herdmoro. Thw saccfla of s KOJKt, Whlck d_-

ponds oe the ability to nccomplhh the doft_d tasks wtthln tk_ b_t and on
schedule, can htqe on parts manngmot dectslofls. Project office parts mmq+
imnt doclsto_s shevld he _ to ntnlBICO the project's "cost of parts Over*

ship." Th_s cost net 0ely tncludos the InRtal prosuflm_t cost Put cOSta fsr
docmentotlon, costs Incurred for any delays caused by ports Only&liability,

costs resulting frcoi bulldop and operations1 fs|luPes, and Costs resultt_ 9 froa
|oat oHrattng tim.

ProJwct parts doc_ntStlan requtr_aeots should provtdo eannglmant vtth early
visibility of the parts being se|Ktwd and used, the Ostwnt of their comp|tance

vlth established co_trola, _d the Inforoatton necessary for supporting logistics
In the Heattonal phase. ]t tS Igp0rtant that thw proJwct offtcs vfld_staed at

the preward Stqe k_ the potential contractors "do business" to ossorw that
their systems orw cu0ottPlo with the project MroKh. $$getflcant Costs Can be

In¢wrod nan the cantrKtor's to-place sptmu is vat ¢OSPottble with the ectib-
llshed project approach.

_.4a_siJv'v'q_E_q'v, P,XCT,rr._ .WSL'mT_manmm

The _t offlcw emortence v_11 COve the S0acw _hvttlo Ortltev dos_p c_-

COpeS, base1|ne ]ece| Of ports, _tit|oR, ports dev|st|os roqMests, aed
staff|cant psrts failure wxMfl_¢o.

T_T rILL IO THE BESIflD TASXS.

0 (_Olqq--CTlOllOF TH£S_ EFTORT$ I$ L|P[ITE_ IY PNOJ[CT IRJO_CT$ ANO SO((_t_.

O CONTIIIOLSOF $1EL_CTO PIIOJ(CT PUTS STaY IOFLuE_C_ BY SYST_ MD EOQ|PI_iT

N_ ACCESSIBILITY N_ IMI_E CG_F.PT.

T1_It_:Offi[ ItEgU|R( _T ATTUfflOII TO TI_IR S[L£CTIOI_ _ ODPTNOL

0 PUTS AVAILABILITY AND I_LIMILITY _ IMV( $]rdlFIUNT IMPACT ON PNOACT

SrJ4E)_L£S ANO COSTS.

O PPOJECT OFFIC_ DECISIONS SHOULD _INIMIZ[ "COST OF PMT$ OMi_R4_IP,"

0 P_OJ(CT PARTS _OCUI_IITATI_P NOE)$ TO PROVIO_ EARLY Lq_RSTN_INO OF RIS_Sj

E.G., EARLY./D_ITIFICATIOIq OF PARTS rigA6( AH9 MAIV_R$.

0 S_CIF|C R[_HOOS US_ BY SUP_IER$ NO_ EARLY ]OFNTIFICATIOH_ E.G., AT

PI_AktAP9 STAG( (UINO(ItSTANOMOV TH(Y DO BUSINESS).

SPACE SHUTTLE O_IIITER PROJECT PUTS IMNUEM[NT EI_PEIII(IIC(

Th0 project 0fftcw Sxp_rten¢0 rill C0vwr the SPace SPuttlw 0_btter design con-

cepts, _asel_ne Iwvol of ports, do¢_ntatlo_, parts dwvtatlo_ roquests, and

$_g_f_¢a_t 9art_ folluro o_erl_¢w.

O ORBITER DESIGN £_iCEPT

O ORBITER U;_TJ.iNE L_VEL OF PARTS

0 ORBITER PARTS _OCUle_NTATION

O ORBITER PARTS DEVIATION REQUESTS

0 SIGNIFICANT OUITER Pk_TS FAILURE EXPERIEKE

OUlTE_ _Sln COPCPl

Is kosptq with tJ_e avers11 S_CW Shettle ¢w_lPt, the 0rbltor Project was
tailored to on etrllne ¢on_t. This concur essmed tket (1) the project wold
use exlstlq 0ff-_Sh_lf equt_t SAd daSlgeS to the m t .a_. extan._ possl, b le t

(2) the ovtantcs spton dastlos world i_ redonde_t w_th volt eperst_o_st_e_
safe orchttecturo, and (3) the 0rb_tor muuld be available for ground Ntntanancs

to the I1n4 replncedble anlt lose1 bet_mm flights.

The proJost ports legei_t and CecArol ap_h YeS _ v'le co_treltld Imd

re_dtly available stemiecd electrtco1, sTlctroelc, and ele¢trmechenIcoI parts.
TO svpp0rt thts 19r0ach, p_o_llms _¢0_tor0d tn the equtp_nt phsagn and de-
vel0_ant phase _ould he fstlw'e S_O1yZed _ Cm-_¢tlve stolons tmlmnted to

Ossuro that 14tolq hordos_e Vo_ld M wed |0 the 0_rat._o_a_ v_cte$.

Uflng this systaa _ltl_'tw_, parts mot fv11_ coatrolled to 0rblter Project

lr_ta are eot used to stogie fetlv_ potwt np_11cattoes that v_ld JanP-
CO vehtclw sofety or 8tSStW S_c,SS.

O PNOVIDE SYSTIpl AI_ (OUIPI_IIT IIE)UI_N_.-FAIL (_(UTIOlltL/I_AIL SAF[.

0 P(E_q 61OJl_ _AINT_ D_ FLI6NTL

0 U_ COWT_L_ Aft B_DILY IVAIUUU_ _TUIMJ_ rr_ pARTS.

0 PI[RFO_q FAILURE /JMLY_$ _ ALL PNOKE_ ANO IIqPtD_ C_CTIV_

ACTI_ILS.

0 NO UI(_ITliOLLE_ PARTS ARE U_ IN SllL£ FAILURE POINT LqlTIULITY 1

APPLICATIONS.

ItOITTR IA.q_IP( L|V_rL OF PMTh

The 1ecol of parts control selected ss 0rbtter PreJect hesellos Is "ER' (estob-
llshad reliability) sP fatlure rote B_lttary $_e¢_flCtBO_ ptsshe devtcws (re-

sistors, cspacttorso roloys), flIL-S-19S00 3UfTXY sp|coeductors, and NIL-N-MS10
level | microcircuits. Special controls t_cledw porttcle tmect notco detectlo_

testtng of both rolay and hybrid microcircuits. Tke use of HTSC's (wet tantalum

slq capacitors) r_tros tpe_Sl preJtct Ip_r0_Sl _o ansore _og_w OD91tcattO_
vtth Justification. _TSC's ore vary p_oee to fsllvrw tf subjected to excessive

s.C. rtp_le current Or reverse voltage.

Thsse hesellne )osel ports wwre selected s_mue (11 they V_TO ede_Sto for the
Orptter Project and nero roadtly analldle cltvtcss that co_}d be procured by

ncoerous contractors and (Z) they _re the htg_est level readtly available w_th

ac¢wpteblo vsoge history that could he procured by nmerevs contractors.

Parts o0t Nctlng Pasoltr_ level must he o_provH so that rtsk assessment can be

made prior to procoromant or use.
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PASSIVEDEVICES

SEMICONDUCTORS

MIC_CIRCUITS

BASELINE LEVEL OF CONTROL

._ILITARY SPECIFICATION ESTABLISHED

AELIABILITY "P" FAILURE RATE DEVICE

RXL-S-19500 JANTXV DEVICES

R|L-R-38SlO CLASS B DEVICES

OU|T[R PMTS OOCUN(NTATXOI(

TO p_iote Arid I_l_cl the use of sti_lrd ports, an 0PPL (0rbttor Project parts

1Sat) has been Ostibltsied. The 0PPL tecledes anly devices that are qualified to

i ¢antrolling splllfl¢attan, are suitable for 0titter Ipplicitlan, Nd are
reedS17 Orillable. T_O 0PPL also I_ledes tie ri_lrnoents and cnotrols for

selecting led using parts not ¢Mtalnod tu the stan4ord 0_L.

Ihere-used parts lists slldttN It prii_llnory and ¢rttlcal dislp revdanl pro-
vide thu visibility of tie p_ts bling suloutud for usa. This visibility can
assure tie proJuct office that ouly abproved berta are bethg need. _ ports
are selected for vsu that 40 _t mt OP_L rl_i_r_l_ts, t_l i0MrKti@ p_opa_la

a part noiver in the fern of in SPAR (irrlgulor part Ipprovil redvost), ha

|PM. vhtch provides tie flat,ale vhy the parts Is required Imd v_y sn i_oved
0PPL part will not besom t_ rl_i_d fustian, ts sablitted to tie proJlct

office for i_roval prior to the port's precur_t. Thts procedure provides tkl
project office with the otto_ity tO porl_¢_bete I_ thu Selectman and Vii Of

all irrlgllur ports, to reeed altorsative parts, to recid that eddltlnoal

quslificittan or scre_th9 r_trnonts be ixposed, or to eccxpt the port's vie
as dou_ted in the [PM.

Contreetor parts splciftcatt_s are required for all selected parts e4t Can-
trilled by an acceptable mlltt|ry-lASA speclft¢attan. The specification nontr01s

the identification, phyltcal, Invlrtllntal. f_cttanal, quallftcstlan, Osreln-
tag, besellntng, and data relent|on rHuirmnts. Mhes Irregular parts Oru pro-

Jotted to have high us|it or to be used in ¢rlttcal xppltcitlons, the quailflcl-
alan rednects, plans, Ind rellrts for tieSo parts are provided for pronto1, eff_iQ

abprovil. Th0 pr0Jost office uses this quillftcitlan duc_tatian tO aslirl tk4

ucagl Or Ippllcatlno uori_mts tie expenditure to p_a fore41 qvelif,cetiosOf the iM_Nthrtng p_ess. In addttloR, thts red_es thl tlpli¢l-

tlan Of tecltfleatlan thstlng Id llxl_zes tie use M anlsttnl data.

Parts appilcitlan stress anal,vires are prorlded at the ¢rtttcal dul_ sims.

_l streSS analiles provide _e visibility _lssory to assure that tie parts

selosted ere being used vithl_ tie pr0_dit*s doritlng guldelim. TO _O_tSa
op_ittanll e_tpmnt pro_lnos, glgEP (6or_t-|edustry Oati Exchi_gl Ih_vla)
ALERTS irl Ossecsld for patella1 p_ect /pact. This proclss _ provNds the

eCt office vlth early ViSibility of prob14_S bltng experleeced by OUter
e_llnt-thdvetry preJl_ts _d Iseossls any risk for i ¢lman pro_lno.

[qv|p_t Is-llllt _ ira prortded lu the tcceptaece data peck v_m tie Vltlt
ts deliMred. The as-built records ere audlthd tO Ossuru that the actual Ire'aS

uced in I_l_ort fabricetl_ ire the Anos that vlre aolucthd for OS¢ 4_lq tie
4tst9_ phase. T_su is*built recurds are alSO Osed _ 8SSecSl H tie IH'OJect

llpKt for tie GIO(P AL[RT$.

OI_TrERPUTSROCUHENTATXON

0 PI_OJECTPARTSLIST

0 M_RE-USEDPARTSLISTS

0 IRRE6ULARPARTAPPROVALREQU(STS

0 PARTSAPPLICATI_NkM.YSF.S

0 PARTSSP(CIFICATIORS

0 PARTSOUAL1FICATIONREOUESI$,PLANS,AROREFORTS

o ALERTDOCONENTATIOR

-o AS-BUILTRECORDS

OROIT(h PMTS O(VIATION iiEqU_$TS

The 0rbltur P_o_let hal ml_ed n_lfils dlvtatian rli_ta slmttted le tkl
fern 0f Ir_gulor XPp_Ivll reWects. The ti_tcal dirt at%is, r_ts.t Is for _1)

ue.o,0,,-,_..,.,,.,,,.., that_os.t ..,, , . ,an , or.m'/lit"th_ _''t'" ,,,
use 0f purts tbit lick lanv_uctoror'S fomll Ilia C ira, I,Ivsl 0 aqllpIost
for vhleh truceibillty data ere not decried as redetred. |4i vii of sirens*
4utter devices that luck Iotornel visual exanlnottan, Or |SJ ASS Of noab_tved

ports vl_n approved parts are not leeilabiu tO Support fet_tasttan i tenting
aciedvlos.

_pprovll Of tie dlviitian rlqnostl Inv01vls acc_tl_l reasanable risks based Ip_
rittanale provided utah the redvosts. The rettanill II_Ovl_kll lefomtlM an
ivillablu parts data to support vsngl such as lithl_itn act*ms or test results

for limited qlillflcatlan. _ddltlo_al lnfornotlan My ie pr0vlded an horiorl
fault t01orlecl, redlmdl_y, end OveYall criticality. M no91noorl_l farina Of

tie ratlanele sl_lled provldls the iblltt¥ to _lquet01y aososa the risks ie|_
taboo.

OldSTER PARTS I)FVIATION REOU_STS

VOLUI_ OF DEVIATION REOUESTS

TYPICAl. DEVIATION REOU[STS

0 USE OF OTS EQUIIMENT

0 LA_ OF QUALIFICATION

0 LAEK OF IMINTAINED TRACEABILITY

0 LACK OF INTERNAL VISUAL EXMIIMTION

0 LACK OF AVAILABILITY

0AOITll PMTS PAILU_[ EU[IIIlG

_rbttor Project has used I_nillttly S ullltan ports in the _-10l. Spor_I.
lid flit OrtlOlll I_ Syltllll. _pr0x_Utely 710 failures hive bean export*

led with _lSu ports. Considering the nLmher of edltlt edoritianll sears

and the amber of parts rued. tie _ of fillorec ezpdrlll_ Is aM-half tbet
predicted vltng llL-_0el-li/ fitluri rate follil and flctorl.

711tcel significant ll[ lelectrtcel, elestranic, and ilectrmeckilcel) ports

fitlire probli hail ixlvdld the T! (Tixis l,tranlntll _cieithy ilire¢lrcvlt
ituclnvl migration experienced in tie G_ (gtllrel porpdSe C01!lUtori; tie l_
(multtplecir/dl_ltlplixlrI ¢orant¢ ¢xplltor tniulitlan llstli degrldatlan;

hllrtd Itcl_clrcnlt ¢antantnitian; led power transistor Cantlllaatlan.

l life tosno pro_lan vii exderilm¢ed wtth the T| SIS SChlttky mliroslrcvlt
dllttll Io91c fltl I ii_ictured tn tie lll4-1l/6 tie Ire. htl proili
Involved the migration of Iluclnuc antalllzetlan iktch Oiled the for_tlan of

intruded illlnul v_lskers. These vhtskors Iould iiert to tie edJecest oanduc.

live sorfuces, l_n pro_lll vii not the claisicil In clrcllt problge leash by
letilllsitlan Ilpritlan. since tie siliyer tltanil titan Itil COntinued to

act as a c_t_. _eso fillv_es helen to ec¢or after ab_ronllltily iS.0_

is of Operation. tPC'S using these devil Ire plrged durlq lllment
rtclcling. Continued failures tilled vlth grated test antis proved this

decision tO h expedient.

iotMr Ilia ISSUe problem Vii elrlan_44 wtth ceranin cabectturi USed in NON

Iou-voltlll lllcatlans. This pilau, the delredatlan of leculetlan resist*
inca, ¢_ued oxceoslvo lilkngo ear,ant. The problno devices, Wick vlre precorld

frml thm suppliers, vere removed frno the flipht*critl¢il _s. _tinoed
failures exlxwtaneed in tie gremd test 14014's proved this decision to lie east
effective.

Early IS tie _btter Project. thdestr¥ prabllls gtth h_rtd mlcrecircolt ol_tost-
nottan uere reported. PlliO Iportl¢la tlp_t noise detosttan) IOSItq vii tled

for hlbrld mlorectrcutts, vhtch resulted In a relestlan rite of ablx_lnltely IS
percent. Vlthtn I year. the rejection rite hid _ecrellid to less than 3 percent.

particle coMitectlan problos experienced Itth the IPC (frusta power cos_

troller) resulted in the entire k_Irld microcircuit iethg costed lttk piryll,
By Imoslm 9 pl m_ testthg, tie Slppllor hid tO Clam ed its process Or tlI ear-
recline _tlonl. The Orbiter P_Ject nould not have _m able _ tolerate can-
tool Osted g_'s.

lanier pr0_lno its ozporlli_ed with I_r transistor onotanl/atllm. 0orlq the
Orbiter 4eselo;ll_t cycle, thdestry stort_ tlpnoiog PllilO tostil I for lluer
transistors, l_e lltpltors stithd, effectively, that If bl_s welted clean

devices, riley sieuld tlpoie PIP0 tecilnl requtrits. _ relvlt his I I

¢antructial ¢hlmge to llpoue Pll9 tasting.

Effective corrective eolian in each of tie previous olanplil vii pnoslhll nail

bKnosl i canpleti sycti of [I[ porti trlcoablltty yes I_pOled for tie 0rbltor
ProJect. Thti iliooud detimlnitlan of esuctly itllok LIU'I Illno lllnoabll

notes) ¢antilnld ports thin redulred retrofit led lt¢h LIU'a were llk_iti li
Osl il-ll.
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ORBITER PARTS FAILURE EXPERIENCE

0 OVERALL PARTS FAILURE EXPERIENCE

0 TYPICAL SIGNIFICANT EEE PARTS FAILURES

0 RICROCIRCUIT ALURINUM RI6RATIOfl

0 CERAKIC CAPACITOR INSULATION RESISTANCE

0 CONTAMINATE]) HYBRID MICI_CIRCU|TS

0 CONTAHINATEPPOWER TRANSISTORS

0 PARTS TRACEABILITY ALLOWED EFFECTIVE CORRECTIVE

ACTION

COICtUS]OII$

e overall 0rbltor ProJactnonngment and coutrols kJvel_m successful route,

oJect offSce decIslcms on sam key 1saves end ¢oncar_s hive prov_ to N cost
fKtlve to tH Qvofill *COSt Of ports _rshlg." FJp_kAstS has _ glucN am

proving the Contractors' responsiveness to and cucpllanoe vitP contrKt_l

qulreaemts through parts docus_ntatton Ondlts afld perlod|c electrical,
ectr0_I¢, and ellctroMchan|cel parts rortovs.

0 ORBITER EXPERIEAC£ _LATIV_ TO PARTS RAHAGO[NT Aim CONTIIOL FOR

5VAJTTLEOWITER SUCCESSFUL TO DATE.

O OABITER PROJECT P,_MG_qENT JU_RONCH NO n(CISIOKS i_AVE _ EFFECTIVE

IN NRIRIZINC OVERALL "COST OF PARTS OMERSNIp."

O HONEFJqPHASIS HEEDEP IN PARTS PMJMGF._NT AND OONTAGL TO UI_NID

PRONLEASEARLY IN THE P_OGRAR MaERE I_tEVI_TATIV( ACTIONS CAB lur

TAKEN TO RIRIJqlZE PIIOGhNq IPPACT.

SPACE SHUTTLE OII|]TED PROJECT PARTS PMIIAGEIqEflT LESSONS LEARHEP

A fou of the lotions leornep have Igl_tO ToaroSng the _ed for (1) esrll

vlslblllt7 of parts saluction, (2) vorifyIn 9 that tlJe delivered ealvtl_e_t

ceeftguratlon agrees vlth the IMproved desIOI, (3) essurlnp that ALERT part
problems hive received penertc assessments tn lieu of speslflc lot date code

cottertsons, (4) being overe of parts obsolesce#co, end (S) ostihllshlng

Ionvfactllrtng ccmtrol$.

Contractors and subcontractors have not been as responsive Or as rlgorona In

sulSeltttog Were-used parts lists end Irregular part lpprOvll requests as
desired. On numercNs OCCasions. the ducuoentatton yes not suMsttted uotll after

the aqutpaant had been fabricated. In those Instances, project parts

recmmendatlons have had stpnlflcantly greater cost lepacts.

/_dlt$ of the as-built r_ords veru$ the upprored a$-deSt_d c_fl_ett_
indicate that undoc_Neted substitutions end deviations hive besn _ vtthevt

proJ_t epprorll. Idhon chaflSias ere Ilda withOUt docltentetton, the project 1oils
C0_ftguritt0n co_tr01 led the truc _staedlng of parts usage end ISSuclItH

risks. Uhen assesstog the project |llpKt for Govermlent*|fldustry htl [xchange
PrOgran ALERTS. the contractor has a tendency to 1lilt the Orbiter ravtou to the

Specific lot date cedis _lth _lch the ALERT preparer his ix_erl_q_ed problelts.

|_ the rules for submitting ALERTS, the preparer _ deceeont bts facies|
exp_rteoco, tfheo assaastng ALERT probllm, the ccmtractc_r*R po$_t_ou should _t

"_s the prob|es app|lca_le to the device used tn the edulpoout?" and not "] don't
use that specific lot dato code." Thfs COnCern does oot ARpl$ _ tbe pro_lm

ts truly a lot-related Issue.

Probl_es vtth parts ohsolesc_e are beco_l_l _,oro prevalout e_ sv_lters _esa
OUt certain dirts grucPsstng technologies that are used tn fabrtcotle 9 unique

special parts. Fustaovtng _tcro¢lrcult tuchnolng7 ts driven by the ¢omnorclal
morket, and the tuch_oloKy avltlshle In the early _970"s Is nov being _esed out

uod replaced by R_mr processing tuchnolosw. SeppllorS ire finding that tt IS
not econoulcell 7 feacIble to Operate by pant Ounofactm'ln9 teshoologtes. _other

problm Is the Iocorporatlon of eohuoced parts technologies developed to
alleviate fattureltchanlsno. [sables of these t_q_es of enhanced parts are the

oll-tental_l devices that replaced the silver-cased not tantalm 51u9 ¢l®ucttors,
end the S_¢_I1 screened titanic capacitors that ero used In 1On-voltage
eppI 1cations.

Parts suppltors have caused s_ stpnqflcant ¢eecerns by supplying co_mterfelt
parts, devices that have not b_tn screened IS required, and devices _host

meserlals and processes have beam changed after qonltf$_atton; and by not _esttng
promised delivery dlt_, vha¢_ _a_ _osulted _ f_br_cat_on schedu1_ _tS.

SPAr_ 5_UTTL[ DNklTER PART5 N_IAGEI_JT L][_5ON5 L[AIU_[ZI

0 I_,I_TS UY_,( - _ m_E lU_|O _$f_SE ON PARTS _JSAG4[Aim HAI_hS TO tq_vtDE

CAPABILIT_ OF ISSU( IdOPKAI_UNgS PRIOR TO EOUIPI_qT FABRICATION.

0 AS-DUILT VERSUS AS-DESIGI_ COF_ARISON - DEFINITE REF.D TO ASSURE ThAT TH(

DELIVEI_D EOUIPHENT COHEIGLIHATION AND PARTS USAGEAGREE RITH APPROV_ AG-

nESIONED AND CERTIFIED CONFIGURATION.

0 ALERT RESPONSES - CONTRACTORNCVIE_I OF JU.,£PT iSSUES $HOU_ iNCLUDE _ THAN

THE SPECIFIC LOTS OF PARTS IDENTIFIED BY THE ALERT.

0 PARTS OBSOLESCENCE- DI$C.ONTINUED SPECIAL PARTS, FABT-ROVINC HICADEINCUIT

TECHA_DEY, A/_ EMMNCED TEC.NN_OGy.

0 PART HAM_ACTUAER 1_9_LEH$ - COUNTErfEIT ISSUE_ ONITTEO SCREEPIAG TESTIAG_

PM)C($S, hATEAIAL, kl_ CONFIGURATION C)IN_._; /d_ _LIVER¥ DELAYS
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M#OTHEfl MISCONCEIrrmN THE I¢O MYTH

SVERYEOOY. _EIIOOY. ANYliOOY. AND NOIOOY EV_RYEOOY, IOiitl0OY. ki_YIIOOY _ NOIOOV

SHARE THE WEALTH

• INOUSTR Y PNGPO_ED A OAR CHANGE FOR THE GOVE RNMENT TO SHARE

"RISK QP GPL PARTS"

• "7-X.X.X. PARTICIPATION IN GOVERNMENT INDUSTRY DATA

EXCHANGE PROGRAM IGIOEP)'"

"Ibl WiTH RESPECT TD ANY PARTS AGOUIRED

FROM THE QUALIFIED PRODUCTS LIST, ALL

REQUIRED ACTION(S) SHALL SE SUBJECT TO
AN EQUITAliLE ADJUSTMENT AS CONTEMPLATED

0Y THE "CHANGES" CLAUSE." NSIA. 23 JUN 112;
EIA. n AUG $2.

• MISINTERPRETATION OF OEM CONTROL OF (:_L PARTS

• AEDICATION OF GEM RESPONSIEILITY

• RECENT QPL E XlqE RIENCE

• CHEATS RECEIVE0 WAIVERS/REPLACEMENT PARTS

• GEm ESCAPED IMPACT OF MONETARY CONSIDERATION

IO_ LINE _ aw_

• 1HE PRIME CONTRACTOR IOEM) IS RE_liLE FOR THE QUALITY

OF liUaCON_RACTOES'/VE N DO RS' OPL [PROOUCT_.

• A MANUFACTURER |OEM) WHO DELIVERS A PRODUCT DESTINED FOR

OELIVERY TO THE GOVERNMENT IS ABSOLUTE LY RESPONSlliLE FOR
THE QUALITY OF THAT PRODUCT+

• THIS RESPON$1BI LITY IS NOT DIMINISHED OR AFFECTED BY A GSQA

0E LEGATION.

•nee aco MYSH

|vINYliOOv. 1011ElOOY, A/ff IOOY, AIIO lilY

• DOG POLICY PROMOTES THE USE OF STANDARD PANTS
TO MAXIMUM EXTENT PRACTICAL

• USE OF NONSTANDARD PARTS M LIG'r IE _OVED BY

PROCURING ACTIVITY

THE ECD MYTH

[VliRYIOOY. E01iilOOY. ANYIOOY AND IE)IOOY

REQUIREMENTS FOR USE OF NONSTANDARD PARTS IN

ELECTRONIC EQUIPMENT

I. WIL4E6_O. ELECTRONIC EQUIPMENT. AEROSPACE. GENERAL

SPECIFICATtON FOR:

PARAGRJdm 3.1 ,I - SE LECTK_ OF PAR13 AND MATERIAL_
PARTS AND MATERIALS COVERED EY 0OCUMENTS LISTED IN APPEHOIX

A ARE STANDARD AND SHALL BE USED WHENEVER THEY ARE SUITABLE

FOR THE I_JNFOSE. PARTS AND MATERIALS SHALL BE pROCURED F ROeJ

WHEN QUALIFICATION IS A REQUIREMENT OF THE PART
_ SPEClF*C,4TION. NQ_STANDARp PARS3 AHD MATERIALS

IE EQUIVALENT TO OR BETTER THAN _MILAR STANOAND PA_Is

AND MATERIALS. PASTS SELECTION AND CONTROL SHALL IS IN

ACCORDANC_ WITH MIL-STD464. REQUIREMENT 22.

PARAGRAIq4 :L13S - I_CNOELECTRONIC DEVICES. MICROELECTRONIC

CE VICES. INCLUOINE HYSRIDS. SHALL BE IN ACCORDANCE WITH MIL4TI_

464. REQUIREMEHT 14. DEVICES SELECTED SHAL L liE SOLDEREO OR

WELDED INTO THE CISCUIT_

2. MIL-STD41S4. STANDARD GENERAL REOUIRSMENT_ FOR ELECTRONIC
EQUIPMENT;

REQUIREMENT 22 (PARTS SELECTION AND CONTflOLI:

PARAGRAPH 3. [_ PREPARATION AND SUEMISSlON OF DATA FOR
PARTS SELECTION A_-_-NTROL. INCLUDING REDUESTS FOR APPROVAL OF

NONSTANDARD PARTS, SHALL SE tN ACCORDANCE WITH M IL _STD41Qi TQ THE

EXTENT SPECIFIED IN THE CONTRACT.

REQUIREMENT 14 (MICRQELECTRONIC DEVICES);

PARAGRAPH 4. SE_CT_N MICRGELECTRONIC DEVICES SHALL CONFORM
MI .M. 1 PROOUCT AS_SURANCE LEVEL CLASS 8. AS A MINIMUM UNLESS

_CIFIED+ THE ORDER OF PREEERSNCE SHALL lie AS EOLLO_:

A. MIL4tl.Sli610 JAN MICROCIRCUITS LISTED IN MIL-_i'O-lm

li. OTHER MIL.M-SE_ICJAN MICROCIRCUITS.

C. OTHER MICROCIRCUITS ISEE 4.1). SUBJECT TO PROCURING ACTIVLTY

APPROVAL,

THE gOD M_r_4

EVERYROOY, I_lOOY. ANYEOOY _ NOaOOY

2. MIL-STD.4E4, STANDARD GSHENAL REQUIREMENTS FOR ELECTRONIC

EQUIPMENT: iCONT'D)

PARAGRAPH 4.1 qQH.JAH DEVICES. FOR OTHER THAN JAN DEVICES. THE
FOLLOWIHG iNFORMATiON SHALL EE INCLUDED IH THE HONSTANOARO PART

ad)PROVA L REQUEST:

A+ DEVICE NOMENCLATURE, MANKING. CONFIGURATION, FUNCTIONAL

REQUIREMSHTS. PARAMETERS AND LiMiTS SUFPICIENT TO iNSURE

THE NEQUIREO FORM. PUNCTIONS AHD INTE RCHANGEA|ILITY.

E. REQUIRED ENVlROHMEHTAL. ENDURANCE (LIFE) AND OTHER DESIGN

CAPAlil LITY TESTS.

C. OUALITV ASSURANCE RSQUlREMENTS. INCLUDING SCREEHING AND

LOT QUALITV COHPONMAHCE (ACCEPTANCEI TESTS. AS A MINIMUM,

ALL OEVICES SHALL EE REQUIRED TO PASS THE MIL.STD483 CLASS li

REQUIREMENTS OF SCRE EHING IN ACCORDANCE WiTH METHOD 6004

OR _. AS APPLICASLE, AHD GROUPS A AND | LOT QUALITY

COHFORMANCE IN ACCORDANCE WITH METHOO _ QR _, AS
APPLICAELE. ANO SHALL HAVE AT LEAST IH4TIAL VERIFICATION DE

THE GROt.P C AND D REGUIREMENll; OF METHO0 SE98 ON rmne. AS

APPLICA84.E.

114E 8CD ruTH

EVIRYliOOY _O_lOOV _liO_ANOl_

• TYPICAL LIMITATIONi ON DIE Jill" lllE¢ CORT ROL DRAWlNGi

G THE DEViCE SHALL lie IN ACCORDANCE WITH MILatl.ml0 i_

ASSURANCE LEVEL CLASS ii OR EQUIVALENT AS IPECIFISD HEREIN.

• QOUNTRY OF MANUFACTURE. AS$Skis LY. AND TESTING NEED NOT

N CONFI_0 TO THE U J;. AND ITS TERRITORIES.
g

• DESIGH 0OCUMEHTATION IN ACCONDANCE WiTH MIL-M_10 m NOT

nEQUmED
• EURH_0N PtER MIL_STD413_ METHOD 101S_ AS REQU_RSD_ SY IqJRCHASE

9._.r_.
• THE SUPPLIER SHALL RETA_H CQ_ES DE ALL PER_O0_C ORDUP A_ S_

AND C DATA EOFI REVIEW liv THE OEM_

• AND WHAT AEOUT GNOU_ G

TN! m MV'rN

EVERYIIOOV IOMlillOOy AlfflOOY_iOE_IOOY

• TYPICAL LIMITATIONS ON O_MS" SCO PART mq[CI F ICATIONS

• IN THE EVENT DE CONE LICT liETWEEN THE REQUIREMENI_ DE THIS

SPECIEICATION AND THE Spli¢ CONTROL DRAWING THE LATTER liHALL

• 1&4NUEACTUliE_ ASEMliLV. AND TESTING WITHIN THE 03_ AND ITS

TERRITORIES IS NOT liEQUIRED_

• WI4EH QROUP li_ C OR 0 TBT OATA IS REQUIRED liY PdD_ IPJMMAli Y DATA
SHALL liE IPJPPL_EG W_TH EACH SHIPMEHT_

• _t.Y WHEN SI_C_P ICALL_ CALLED OUT liY THE E_O_ SHALL THE SUI_LIER
liE OliLIGATED TO PEHPONM THE LOT OUALIPICATION _NSIqECTION$ EON

QROUP li_ C, AND D REQtJ_REIHENT$.

ENOCE Ill I_G STEPI INCLUDING O RD4,_ A LOT AC_Wlr ANaL

• THE lllllECI F IC LEVEL OF PRO(_EIIS CONDITIO_41N_, TESTIN_ _* AJND li_liEENl_

SHALL lie S_ECIFIEO IN THE DETAIL SPECIFICATION IN THE StJI_IE R_i

PART NUUlER TABLE+
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THE Ik:_ M_'m

EVE RYIIOOY, IOMEIIOOY, ANYIIODY _ NOBODY

RESUt,T5 OF A SURVEY OF _ "LOOK.AUK F "_,_ LIE R qJ

MI L.M,31_ I0
NUMBER OF JAN PARA 1.2

REGION PRODUCE RS QUALIFIED OF Ira3

t 2 I O.K.

2 7 2 NO COMMENT

3 2 D NO COMMENT

4 ! 1 MODIFY

S 8 S O.K.

E 3O 11 MOOIFY

7 4 I O.K.

E 1 0 MODIFY

S 3 I ADD TO 4S4

SS 22

THE SCD MY134

EVERYQOOY, 90MEBOOY. ANYIIOOY. AND NOIIOOY

SOME SURVEY FEEDBACK

• CONTRACTOR "A'" SAID WE DON'T INSPECT OPt. PARTS- IF NO GOVE RNMENT

STAMP WE REJECT.

• CONTRACTOR "'B" MANUFACTURES NONSTANDARD PARTS AND OTHER

PRODUCERS ARE NOT RECEPTIVE TO HIS VISIT,

• IN REGARO TO SEMICONDUCTOR DEVICES AND MICROCIRCUITS. CONTRACTOR
"C" DOES NOT PERFORM SOURCE INSPECTION ON JAN OR SCD ITEMS.

• CONTRACTOR "D" PURCHASES O_ER 50 _ERCEHT OF _TS _RN ITEMS PROM
0_STRIBUTORSWHUCH AUTOMATOCAt,t,Y Et,IMINATES THE FOSSIBILUTY OP

PERFORMING SOURCE INSPECTION.

• ON PURCHASES FROM KNOWN PRODUCERS OF Get, PRODUCTS. MILITARY

_ECIPICATIONS OR STANDAROS ARE NOT t,ISTED S_NCE THE PRODUCER MUST

MEET T_E _gE_O ANO_R 3O5_D REOUfREMEHTS.

• CONTRACTOR "'P'" RELIES At,MOST TOTALLY OH THE GOVERNMENT TO 0NSURE

THE OUALtTY OF (;eL PARTS IT PURCHASES.

THE trn MYTH

EVERyliOOy. gOMt_BOOY, ANYBODY. AND NOIOOY

SOME SURVEY FEEDBACK (CONT'D)

• PRODUCER "G" OOlES NOT ALLOW OUTSIDE RS ACCESS TO THEIR

MANUFACTURING AREA 50 SURVEYS ARE EASED ON THE PRODUCER'S

RECORDS.

• CONT RA_rOR "H't" POSITION iS THAT IHC_4dlNO INSPECTION/

TESTING IS NOT ECONOMICALLY ADVANTA(;EO_;. THEY PEEL THAT

IT CO_ LES TO REWORK DEFECTIVE COMPONENTS.

• CONTRACTOR "1"|" PROCEDURES GOVERNING SOURCE INSPECTION

POR VENDOR ITEMS ARE SlMtEAR TO THE PROCEDURES POR HARDWARE

EXCEPT THAT SOURCE INSPECTION OF THE FORMER MAY BE WAIVED

WHEN GEl IS IMROSED.

• CONTRACTO_ "3" t4AS A POLICY NOT TO DO ANY SOmJ_GE INSPECTION AT

SUBCONTRACTORS/VENDORS OR DISTRIBUTORS OF SEMICONDUCTOR

OR MIGROCtRCUIT OPL ITEm

• CONTRACTOR "*K'|'" ACCEPTANCE OF SEMICONDUCTOR AND TRANq_.ISTOR

DEVICES IS BASED ON A CERTIFICATE OF CONFORMANCE OR CERTIFICATfON

OF TRACEABt L_TY.

• CONTRACTOR "L's'* PROCEDURES PROV;DE FOR VENDOR APPROVAL EITHER

BY SURVEY. BY PRODUCT QUAt,IFICATION, OR BY PAS T HISTORY WITHOUT

FURTHER GUIDANCE

THE SCD MYTH

BVBNYR_OY I_MEmOOY. ANYBOOY, AND NOIOOY

SOME SURVEY FEEDBACK (CONT'O_

• CONTRACTOR "M'* DOES NOT VERIFY VAt.IOITY OF DATA FURNISHED WITH

PROCORED ITEMS,

• CONTRACTOR "N'" DOES NOT RROVIDE PROCEDURAt, DIRECTION FOR SOURCE
INSPECTORS CONCERNING RESPONSIBILITY FOR CORRECTIVE ACTION.

• CONTRACTOR "O'" OlD NOT HAVE ANY PROCEDURES TO IDENTIFY THE SCOPE.

D(PTH, PERFORMANCE, OR RECORDS REODfREO FOR VENDOR SURVEYS.

• CONTRACTOR "R'" HAD HO RROCEOU_At, G_HDAHCE CONCE RN_NO THE

APPLICATION OF DESIGN. TECH'4tCAL OR OUALITY CONTROL REOUIREMENTS

TO BE INCLUDED ON PURCHASE ORDERS

• THE CONTRACTOR "O's" OUAt,JTY ASSURANCE PROCEDURES PROVIDE ONLY

LIMITED TREATMENT TO PURCHASE[ _ MATERNAL AND INCOMING IN_ECTION

• CON'r R ACTOR "'R" HAS NO BASIC POLICY OR PROCEDURE CONCE RN fRO THE

SE t,ECTION AND OUAL_FICAT_ON OF VENDORS AND THE TR ANSMh_ON OF
DESIGN REQUIREMENTS TO VENDORS

• CONT RACTOR "S'S'" PROCUREMENT SYSTEM DOES NOT SUFPtCfENTLY ADDRE_

DEVELOPMENT OF PROCUREMENT SPECIFICATIONS AND SUKSEOUENT

_AL_FtCAIIO_ OF MICROS t,FCTRONtt P A R"r_, TO E_RE REO'_NEO
EOUuV', =_v

THE SCO MYTH

EVERYBODY. SOMEBODY. ANYBODY, AND NOBODY

SOME SURVEY FEEDBACK (CONT'D)

• CONTRACTOR "'T's" PURCHASF ORDER _D SOURCE CONTROt, DOCUMENT

REOUJ_EMENTS FO_ ND_ST_DARD _A_TS WE S_ _NADEOUATE TO ENSURE

THAT NONSTANDARD PARTS ARE EGUaVAL ENT TO OPt, FARTS.

• CONTRACTOR "'U'_" SRECIF_CAT_0NS. _RAW,NGS FOR NONSTANDARD PARTS
WERE L_M_TEOTD T_E TE_N_ REO_E_ENTS O_ M_ STD BB3W_THO_T

ADEODATE CONSIDERATION OF THE REOUUREMENTS OF MIL M.3_5_0.

• CONTRACTOR "'V'" ATTESTED THAT SCD PARTS ARE LESS EXPENSIVE ANO
HAVE SHORTER LEAD TIMES THAN COMPARA_' _ ._N PARTS¸

THE SCO MYTh

EVERYBODY. $OMEDOOY. ANYDODY. AND NOIIOOY

OVERALL CONCLL_S{ONS OF DLA SURVEYS CONCERNING SCD PARTS

• SCO PARTS"

• GENERAt,LY DON'T MEET THE REOUIREMENTSOF M_t,,M-3O$10

• PERHAPS CONFORM TO PART OF THE REOU_REMENTS OF MIL STO_38

TEST METHODS

• _UA_._.Y ARE APPROVED BV _OCUR_NG ACTIV_T_£S

• SEt,DOM ARE CHALt,ENGED BY RESPONSIBt,E DOD CONTRACT

ADMINISTRATION ORGANIZATIONS AT OEM FACILITIES

• COORDINATED EFFORT BY PROCURING ACTnVITIES AND CONTRACT

AOMINISTRAT_ON ORGANIZATIONS IS ESSENTIAL

THE SCD MYTH

EVERYIIOOY, IK:MEBOOY ANYIIOOY, AND NOIOOY

A CHAIN IS NO BETTER THAN ITS WEAKEST LINK

• RECENT O t,A.Q SURVEYS _OENTLFtED THAT THERE ARE_

• 58 883B "'LOOK ALIKE" SCD PART PRODUCERS

AND

• 22 MIL.M.38510 CPL PAINT PRODUCERS

*WHAT_ HAPPENING AT THE OTHER _ 36 FACILITIES
AND NOBODY KNOWS?

THE _CO MYTH

EVERYIIOOY. _EBOOY. ANYROOY. _ND NOIOOY

A CHAIN aS NO BETTER THAN fTS WEAKEST LINK

• SCD FARTS:

DARE INCORPORATED IN MOST MAJOR SYSTEMS

• ARE NOT VERY WELL CONTROLLED - BY EVERYBODY

O OVERWHELM JAN OPt,PARTS

• BY A RATIO OF 4 TO I
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THE SCI) MYTH

EVERY_DY, $OIAEB(X)Y, ANYBODY. A,NO NOeOOY

STANDARD CLASS S MICROCIRCUITS

• TWO MANL+FACTURER_ LISTED ON OeL 3E510, PART I

• I00EVICE TYPES QUALIF+ED

• THREE MANUFACTURERS LISTED ON OPL 3lS10. PART II

• tOO DEVICE TYI'ES QUALIFIED

• NONSTANOARO MICROCIRCUITS • NORM FOR SPACE A_PPLICATION

• FLOW DOWN R£OUIREMENTS FOR CLASS S PARTS ARE NOT AS W£L

DEFINED AS ARE THOSE FOR CLASS B PARTS

• NO REASOH TO BELIEVE CONTROL OF CLASS S SCD PARTS IS

DIFEERENT

1

11"iS SCO tSYI"H

EVERYBOOY, SCMEIOOY. ANYBODY, AND NOllO0 Y

A CHAIN IS NO BETTER THAN ITS WEAKEST LINK

• JAN VS SCD - CONUS VS OFFSHORE

• IS THIS REALLY CONTRACT COMPLIANCE ?

I) A RHETORICAL OqJESTION

• THE OBJECTIVE OF THIS WORKSHOP IS TO VENTILATE

IMPORTANT ISSUES

• WE MUST WORK TOGETHER TO _DENTIFY ISSUES AND ACTION_;
WHICH Wl LL CONTRIBUTE TO MISSION ASSURANCE

RESULTS OF SLmVEYS OF PnlU( CQWTRACTOS|' C_WTROt O_ I_R_)wrn JCTORE

I _'_tmOLLIO

_ X X X X

_ X X X X X X I_ X

_ X X X X X X

S X X X X X X X

_ X • X

X X X X x X X X

x**t ,......, ,

II

IY

THIS IS A STORY ABOUT FOUR PEOPLE EVER'YBOOY.._O_©BOOY. ANYBODY

ANO NOBODY THERE WAS AN IMPORTANT JOB TO S£ DONE AHD EVERYBODY

WAS ASKED TO DO IT EVERYBODY WAS SURE SOMEBODY _OULO DO IT.

ANYQQOV COUt.O _AVE OONE tT. BUT NOSOD_' D_D _T, .SOMEBODY GO'r ANGN'_

ABOUT THAT BECAUSE IT WAS EVER'fBOOY'S JOB. EVERYBODY THOUGHT

ANVBOOV COULD DO IT. BUT NOIIOOV REALIZED T_AT EVERYIK_DY WOULDN'T

DO IT. IT ENOED UP T _,._T EV£R'fBODY SLAktED SOMESODV WHEN ACTUALLY

NOBODY ASKED ANVBOOV.

A N. ONYMOUS

LET'S .'9; e_ TOGETHER ANO MAKE THE .tAN CePL PROGRAM WORK

E-20



Comments on Charts

by D. Moore

CHART I

I WAS ASKED TO _EAK ON THE SUBJECT OF GSI. [ HAVE ELECTED TO DISCUSS GOVERNMENT SOURCE

QUALITY ASSURANCE AND TO SHARE WITH YOU SOME OF OUR EX_RIENCE IN EVALUATING ACQUI_TIOH

ACTIVITIES RELATED TO TRAN_._TORS AND MICROCIRCUIT DEVICES. I ALSO PLAN TO SHARE WITH YOU

WHAT GSQA IS AND WHAT IT ISN'T.

CHART 3

THIS VUGRAPH RELA13_S THE HISTORY OF DCAE' INCREAK |HVOLVRMEHT IN 11111 ACQUISITION

ACTIVITY.

CHART 4

SINC_ THE MAJORITY OF ORIGINAL EQUIPMENT MANUFACTURERS HAVE MIL-Q-g#$BA OR, AS A

MINIMUM, MU-4-452M IN THEIR CONTRACTS, I HAVE DISPLAYED PERTINENT QUOTES TO ILLUS-

TRATE THE OEM'S REST_NSIBILITY WITH REGARD TO CONTROL OF PRODUCTS - INCLUOING

QUALIFIED PRODUCTS o DELIVERED BY THEIR SUPPLIERS.

CHART $

THIS VUGRAPH IS DIFFERENT FROM THE PRECEDING ONE IN THAT IT OI_LAYs Iq[RT1NENT

QUOTATIONS FROM MIL-Q-_$S AND MIL-I-4$_ WHICH INDICATE THAT GOVERNMENT QUALIFY

ASSURANCE ACTIVITY AT A SURPLIER'S FACILITY IS THE PREROGATIVE OF THE GOVERNMENT

AND DOES NOT RELIEVE THE OEM OF ANY OF HIS RESI_ONSIBILITY CONCERNING A SUPPLIER'S

ACTIVITY.

CHART E

THE THIRD BULLET ON THIS ClqAIIrr GRAPIHI_CJkLLY DIIiq.AYS 31rE EXTENT OF THE MISUN_R-

0 oSTANDINC CONCERNING GSQA AND AN OEM $ RF.SPGNSIINLr/_

CHART ?

THE Most SIGNIFICANT I_HNT TO BE MADE ON THIS VUGRAPH IS THE FACT THAT ACCEPTAN(X

IS NOT REQUIRED BY THE INCLUSION OF A SUBPARAGRAPH CONCERNING GEl IN MIL-,S-IPSO0.

THOSE OF YOU WHO HAVE GOVERNMENT QUALI TY ASSURANCE REPRESENTATIVES IN YOUR

FACILIT'Y' - WITH ACCEPTANCE RESPONSIBILITY - CAN CERTAINLY APPRECIATE THE DIIqqCRENT

LEVEL OF RESIK)NSIEILrI'Y . ABSENT THE REQUIREMENT FOR A DD2SO.

CHART II

THE CIER'riFICATION OF TRACEABIL_' gROWN OH THIS CHART IS REPRF._NTATIV1E OF CERTS

REQUIRED BY MIL-5-19$_ AND YON WILL OBSERVE THAT THERE IS NO ACCEPTANCE

VERIFICATION INCLUDED ON THIS CERTIFICATION. THE SIGNATURE LINE IS TO BE FILLED IN

BY A REPRESENTATIVE OF THE SUPPLIER.

CHART 9

AS DISCUSSED IN A PREVIGAJS VUGRAPH, BULLET 2 ON THIS CHART FURTHER ILLUSTRATES THE

EXTENT OF THE MISUNDERSTANDING CONCERNING AUTHORmES AND RESEONSIINLmES AN Dim

HAS CONCERNING PROCUREMENT OF QUALIFIED PARTS.

CHART II

OUR ACTIVITIES IN THE RECENT PAST HAVE NOT BEEN LIMITED TO ELECTRONIC PARTS FOR

.SPACE APPLICATIONS, NONETHELESS, I RELIEVE THAT THE INFORMATION WE HAVE ACQUIRED

CONCERNING SED PARTS OR 883B "LOOK ALIKES" IS SUFFICIENTLY PERTINENT TO WARRANT

.SHARING IT WTI'H YOU.

CHART 13

THE NEXT SEVERAL CHARTS ARE RATHER BUSY BUT THEY ESTABLISH SOME OF THE KEY

REQUIREMENTS FOR THE USE AND SELECTION OF NONSTANDARD PARTS IN ELECTRONIC

EQUIPMENT. THE KEY SENTENCE IN THIS VUGRAPH 15 THAT "NONSTANDARD PARTS AND

MATERIALS MUST BE EQUIVALENT TO OR BETTER THAN SIMILAR STANDARD PARTS AND

MATERIALS."

CHART 14

THE KEY POINT ON THIS VUGRAPH IS THAT MICROELECTRONIC DEVICF--S SHALL CONFORM TO

M[L-M-311$]0 AS A MINIMUM. IT ALSO IDENTIFIES THE ORDER OF PREFERENCE FOR OTHER THAN

JAN MICROCIRCUITS.

CHART 15

THIS VUGRAPH INDICATES THAT NONSTANDARD PART APPROVAL REQUEST SHALL INCLUDE:

THE DEVICE NOMENCLATURE. MARKING, CONFIGURATION, FUNCTIONAL REQUIREMENTS.

PARAME'rERS AND LIMITS SUFFICIEHT TO iNSURE THE REQUIRED FORM, FUNCTIONS AND

INTERCHANGEABILITY. I MICH'r ADD THAT IH OUR REVIEWS WE HAVE DETERMINED THAT

THE MARKING REQUIREMENTS ARE ALWAYS CLEARLY SPELLED OUT,

CHART 16

AS I HAVE INDICATED EARLIER, WE HAVE CONDUCTED A NUMBER OF REVIE'A6 OF DIM

FACILITIES TO BETTER IJNDERSTAND WHAT'S HAPPENING IN THE REAL WORLD. THI R

VUGRAPH DISPLAYS SOME OF THE TYPICAL LIMITATIO_ WHICH HAVE BEEN INCLUDED

IN SPECIMEHS OF CURRENT SPEC CONTROL DRAWINGS PREPARED BY OEMS. YOU WLL

DESERVE THAT SOME OF THESE LIMITATIONS ARE VERy SIGNIFICANT.

CHART I?

/_ WITH THE PREL'IEDING VUCRAPH, THE CHART 06PLA_ LIMITATION50ISERVED IN SCD

PARTS SPECIFICATIONS, ACAIN yOU WILL OEIERVE THAT SOME OF THESE LIMITATIOb_ ARE

VERY SIGNIFICANT.

CHART ;8

AT A MEETING IN TUESO_ EARLIER THE YEAR. A CONCERN W_ VOICED THAT THERE

WERE A NUMBER OF Im3B "LOOK ALIKE" SUPPLIERS IN THE COMMUNITY WHO WERE HOT

JAN QUALIFIED PRODDCERS, TO DETERMINE THE EXTENT OF THE CONOITION, q_E SOIJCITED

INPUT FROM TflF NINE DC_S REGION5. ALTHOUGH OUR DATA MAY NOT BE ALL INCLUSIVE.

IT CONFIRMS THAT THERE ARE A SIZEABLE NUMBER OF SUPPLIERS MANUFACTURING

"LOOK ALIKE" DEVICI_ WHO ARE NOT JAH QUALIFIED, I ALSO INVITE YOUR ATTENTION TO

THE COLUMN WHICH REFERS TO PARA 1.2 OF MIL._TD..4IE3C, I SUGCd_T AHY OF YOU WHO

REPR_EHT "LOOK ALIKE" PRODUCER5 SHOULD TItOROUGHLY F.AMILIARIZE YOURSELF WITH

THE CONTENT OF THE PARAGRAPH WHEN THE C REVEION 15 PUBLBHEO.

CHART 19

I INDICATED EARLIER THAT EACH OF OUR NINE REGIONS REVIEWED AT LEAST ONE PRIME

CONTRACTOR'S PROCEDURES AND SYS'I1EM FOR CONTROL OF SUBCONTRACTOR ACTIVITY.

THIS MATRIX GRAPHICALLY REPRESENTE THE DIFFERENT LEVELS OF EFFORT ACROSS THE

COMMUNrTY IT REPRE_NTS.
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CHART 20

SOME SPECIFIC FEEDBACK CONCERNING THE RE_'IEWS DEI_CTED ON THE F_EVIOUS SLIDE IS INCLUDED

ON THE NEXT FOUR SLIDES. IN MY OFINIDN_ THE OB_RVATIONS LISTED ON THESE SLIDES ARE NOT

UNIQUE TO THE CONTRACTORS VISITED DURING OUR REVIEWS - BUT ENDEMIC TO THE COMMUNITY.

THE OBSERVATIONS REPRESENT THE DIVERSE ATTITUDES AND ABSENCE OF CONTROL CONCERNING A

VERY IMPORTANT COMMODITY WHICH JS THE SUBJECT OF OUR MEETING THIS WEEK. I AM .SHARING

THIS INFORMATION WITH YOU BECAUSE WE SHOULD ALL HAVE SOME CONCERN AND DEDICATE OUR-

S_LVES TO ESTABLISH BETTER CONTROL OF JAN QPL PRODLICTS.

CHART 23

THE SUM AND SUBSTANCE OF THE OBSERVATIONS YOU HAVE SEEN ON PRECEDING SLIDES |S

BOILED DOWN TO THE FIRST TWO BULLETS OF THIS VUGRAPH IN SUMMARY, IT WOULD APPEAR

THAT SCD PARTS MAY MEET THE REQUIREMENTS OF MIL-STD-BB] BUT CERTAINLY ARE Nor 1EQUAL

10 OR BETTER THAN DEVICES MANUFACTURED iN ACCORDANCE WITH MIL-M-_|$10.

CHART 24

FROM OUR PERSPECTIVE, ;T WOULD AI_PEAR THAT 5CD PARTS FALL SHORT O¢ COMPLYING WITH THE

REQUIREMENTS OF MIL-M-3ESIO.

CHART 25

I MENTIONED PREVIOUSLY THAT IN A RECENT SURVEY, TT WAS DETERMINED THAT THERE WERE AT

LEAST $_ M3E 'I.OOX ALIKE" $CD PART PRODUCERS. CERTAINLY, WE SHOULD ALL RE CONCERNED WITH

THE ACTIVITY AT THOS_ FAOLITtES THAT ARE NOT QUALIFSEO TO PRODUCE MIL-M-3B$10 PARTS.

CHART 26

AS A MECHANICAL EHGINEER, SOMEONE ONCE TOLD ME THAT A CHAIN IS NO _'_RONGER THAN

ITS WEAKEST LINK f AM NOT SURE IF THAT ADAGE APPLIES HERE SINCE IT WOULD APPEAR THAT

FOR EVERY STRONG LINK, WE HAVE FOUR LESSER LINKS, FROM THE DATA WE DEVELOPED,

THERE APPEAR TO BE AN AVERAGE OF THREE OR FOUR NONSTANDARD PARTS FOR EVERY JAN

PART INCLUDED IN WEAPON SYSTEMS MANUFACTURED RY OEM5.

CHART 2E

AT AN EIA/JEDEC INDUSTRY/GOVERNMENT FORUM ON MICROELE(.-rRONtC PRODUCT Q4JALITY

COHVEHED ON 20 JANUARY 198_, IN TUCSC_N, I_DU_TRY REFRE_NTATIVES OFFERED A NUMBER

OF RECOMMENDATIONS TO IMPROVE THE ]AN MICROCIRCUIT ELECTRONIC PROGRAM ONE OF

THE FINAL RECOMMENDATIONS OF THE INDUSTRy REPRESENTATIVES WAS RA_.D ON A PERCF-IVED

PROBLEM CONCERNING THE LACK OF TOTAL GOVERNMENT COMMITMENT TO 5URPORT THE JAN

PROCUREMENT SYSTEM AS A RESULT OF OBSERVATIONS THAT BROAD USIE OF SCD FRODUCTS

WAS CIRCUMVENTINC THE JAN QPL PROGRAM. INDUSTRY REPRESENTATIVES THUS RECOMMENDED

STRICT ENFORCEMENT OF THE FLOW-DOWN REQUIREMENTS I DESCRIBED EARLIER. OUR ORSERYA.

TIONS REINFORCE THAT INDUSTRY OBSERVATION AND I SUBMIT THAT ALL OF US IN THIS ROOM

MUST WORK TOGETHER TO STRENGTHEN PROCUREMENT PRACTICES CONCERNING ELECTRONIC

PARTS AND TO IDENTIFY ISSUES AND ACTIONS WHICH WILL CONTRIBUTE TO MISSION ASSURANCE.

CHART 29

IN MY O_NIOH. THE LrrTLE STORY AaCC'T FOUR PEOPLE SHOWN ON THIS SLIDE PRETTY WF.LL

SUMS UP SOME RECENT HISTORY LET'S JOIN TOGETHER AND MAKE THE ]AN QPL pROGAM WORK.
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•ma.=u m_m.

PRE_NT STATUS OF _°ACE GRADE PARTS

JUNE, 1983

JOSEPtt B. 1_6UI_

PARTS IWIADE]_T

ItoNEY_LL SPACE AND STRATE6]C AVIONICS DIVISION

CLEAWAI1[R, FLDRI_A

S(XJRCE(s) OF RE_IRENENTS FOR SPACE GRADE PANTS ARE MIL-ST_-ZSq6 (US_),

_XL-STD-Isq? (US_), MIL-S_-9_ (NASA), S_0-STD-77-7 MD THE iagq PANT AND

h4TERIALS STANDARDIZATION LIST FOR Bqo. MIL-S'I'D-JSq6 IS A P.ANNGENENTSTANDARD

FOR SPACE GRADE PANTS AND REOUI_S USE OF ,_S IqICRDEIRCLIITS, SE_ICONDOCTOI_,

AND OUALIFIED CLASS "S" PASSI_ DEVICES AS FIRST CI4OICE, MIL-S'r])-I_7 CONTAINS

THE TECHNICAL REOUINENENTS FOR PANTS ItlEN JANS OR CLASS "S" PANTS kl_ NOT AVA]LABIr

UPGRADING OF L_N G_ PARTS IS ROT ALL_D BY SPACE DIVISION NIT_ P_P,/Qq

/_R_AL. _IT_D LINE P_P_qq DEVICES ARE AU._D AS _TIT_[ _VICES NITH

PR_PJ_Iq APPROVAL.

NASA's NIL-STl)-975 C_TAINS LISTINGS OF NASA STANDARD PANTS AND PROVIDES FOR

Tk'O GRADES OF PARTS. NANELY, GRADE 1 FOR SPACE APPLICATIOAS AND APPLICATIONS

CONTAINING SINGLE POINT FAILURE NECHANISRS AND GRADE 2 FOR OTHER TI4AN SPACE APPLI-

CATIONS. JARS MICROCIRCUITS, S_ICON_CTORS AND G4JALIFIED CLASS "S" PASSIVES A_

GRADE 1 DEVICES. SO AlE CLASS "]l" NICRDCIRCHITS, JANTXV ,?_qICOIORTORS AND

ESTABLISHED RELIABILITY PASSIVE DEVICES AFTER SUCCESSFULIY PASSING CLASS "S"

SCREENING REOUIF_NENTS MD DESTRUCTIVE PHYSICAL #J_iLYSIS. IqlL-STP-975 CONTAINS

REPlaNTS FOR MIC_I_UIT KANOF_TUNEAS FOR CERTIFYING THEIR LINES.

USAF/BPIO PARTS REOUIDENENTS IN SANSO-STD-77-7 REOUIRE CO_I.(TELY REPANNTE

PART DOCUNENTATION. NON_'ER, _0'$ |CJ.I PHP LISTS DO REOUINE USE OF JAN CLASS "S*

DEVICES.

Hone) well
_vselca i i .Qc

CLASS "S" _JALIFI_T_. STATUS

PIAN_ACTURE_S gITH CI.ASS "S" CERTIFIED LINES

HICRDCIRCUITS

FAIRCHILD -- (PORTLAND, _II_ -- IfAFEN FAD, ASSEPiBLYAND TEST)

DATIONAL Sr,:J'IICORDUCTON-- (SANTA CL.ADA, CAL|FO_IA -- WAFERFAN)

(_CSON, ARIZONA -- _LY RID TEST)

SiSNETIC3 -- (OREi't, UTAH -- WAFERFAB AND _Y)

(SACIW_NTO, CALIFORNIA -- TEST)

N(A -- (SONEWlLLE, _ JEN_'Y -- I_'£R FAll)

(FIRDU_Y, OHIO -- ASSOON.Y RID TEST)

iRN6iSI_

IqoTOl_JI -- (Pt_NIX, ARIZONA)

moo(s

HICItO_F,JqlCONDUCTON_TION -- (SANTA ANA, CALIFORNIA)

CERAMIC CAPACITORS CNL-C-123)

SAN FEONANDO ELECTR|C CONPkNY -- (SAN FERNANDO, CALIFORNIA)

T_ NEXT FOUR (q) VIEI_P,N_ SHOH CI.ASS "S', JARS QUALIFICATION, DELIVERY,

AND COST STATUS FOR I_ICRDCIRCUITS, TNANSESTORS, DIODES ANU CERAtlIC C_NEITORS.

THERE ARE OTHER TYPES OF PASSIVE DEVICES FOR _11_ CLASS "S" REOLIIDE.PENT

SPECIFICATIONS ARE IN PROCESS. SOME OF THESE ARE FOR _GNE'TIC _,

FILTERS, HESIST_S AND OTDER CA_ACITOAS AS NEll AS RE_YS AND _ SWITCHES.

ALTHOt_ THE CLASS "S'/JANS I_H_T IS SMALL CONPAI_ TO Tl£ OVERALL DEVICE PIABIE1,

THE Nt_R OF ODALIFIEO CLASS %° DEVICES IS GROWING; AND IN THE MICROCINCHIT AREA

THERE ARE NO CLASS "S" I_IC!_OFROCESSORS/W_ THEIR PERIPHERAL DEVICES, IL_'s OR

PROM's, AND NO JARS POHER SERICONDLICTOI_ YET.

Hone)_elH
,me

SOUACE(S) OF REOUIP._HENT5 tun SPACE GBA_ PARTS

HIL-STD-1546 (BAA_SF.If.NT) NIL-STD-975 IPREFERRI_ PARTS LIST)

RIL-ST_-154_7 (TECHNICAL) RIL-ST_-97G (LIN(CERTIFICATION)

LI_AF (BALLISTIC NI$SILE OPERATIONS)

SAJ_O-STI)-77-70nd ICBR PAATS, MATERIALS AND

PROCESSING STANDARDIZATION LIST

THE _9_OFA_URERS L[S_O _VE OBTAINED CLASS "S'IJ_ LINE CENTIFICATIOII

FROM AUDITS AND SURVEY_ BY DESC MD OTHER GOVEF_qENT _CIES. CLASS "S"

LINE CERTIFICATION REQUIREJIENTS IN RIL-STD-976 AND OTHER APPLICABLE DOCUNENT$

ARE U_D IN THE CERTIFICATION PROCESS.

Xo_
.,,e.._ mmm

flICRDCIRCHIT CLASS "S" ODALIFICATION/DELIVERYIC_T/STATUS

PER OPL-_ISIO-SS (lq IqANCH 19_3) AI_ DESC IJP_TE 15 NAY 1983

OUALIFICATION

TOTAL _EVICE$ ODALIFI[I) - 107 rI'."VICE TYPES IN VARIOUS PACIO_ES (FP, DIP, CM)

OPL PANT i GDALIFIED • 118_EVICE TYPES

OPL PART 2 _DALIFIED - 59 _EVICE _rPES

LINEAR DEVICES = 3 TYPES ALL PART 2

DIGITAL DE_ICES

TTL DEVICES = 10 I_ES -- 5 PART 1, S PART 2

LOV POKER SCHOTTKY = 5q TYPES -- 3q PART 1, SO PART 2

SCHOTTKY " 15 T_S -- 7 PANT 1, 9 PAAT 2

ONUS - lq 'TYPES -- 2 PART 1, 12 PART 2

DEL|VERY -- OFF-THE-SHELF FOR SON( PART 1 DEVICES TO _Z 14_J(S.

COST FNETON -- APPRQX[RATELY 10 TO i CO_ARED TO JAN CLASS "r DEVICES.
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H_

JAILS2N2219AL

JNIS 2112222A

JNIS 211236M

JNIS 2112905N.

JAILS2112_7A

JAI_ 2119]11

2g_l10

2113019

,WIS 21l.,r_O

J/ItS 211q26!

•t_ 21O763

TP.qlSISTORS

PIII.-S-19500JMS s'rAT_

M[L-S-19500/SHEET

251

255

317

29O

291

301

355

33_

391

366

391

511

396

STATUS

_LF, D m_

THIRDgll_qER, ].9113

THIRD(Xt._ER, 1983

T.B.D.

FIRSTOUMER, 1984

FI_T gI/ARTIER,lo_1

T.B.D.

T.B.D.

H_
m_oli Sl_mmc
*mmumemmm

OIJALIFICATIOII

PASSIVES

_RAIqlC CAPACIT_

IqlL-C-J23 OIIPS

RADIAL

AXIALLEN_

gO_: PIlL-C-123 CAPACITORSAREgOTDIRECTLY
IIIIERat/gGEM_ WITHNIL-C-390J.q
NIL-Co20 CAPACITOIE. III _ CASES,
THEREME VOLTAG(lIMING Aim SIZE
DIFFBEXES

-- ESTIIqATED111TO 22 tE]_.

TF_OP.T_p__-- _ _ aPl_.

ESTINATED

JULY, 1983

SEPTI_£1I, 1983

_CF.mER, 1983

Hom_,w,,a
m i m,_mmc
mmmmm

TRMSISTORS

fllL-$-lgSO0 _ STATUS

(Parrmto)

ELI_ -- OI/ALIFI_ _ _'YIC_S APEOFF THESHELF ..

36 TO qOI_BCSIF NOTOUALIFIEDYET.

_T FAC'r_ -. _tQO(IW_TELY10 TO 1 COI_AI_ TO JMTXV.

m i m_ml
mmamemmm
mm

RIL-$-I9SO0_ STATI_

ESTINAI_
IIlL-$-IgSO0 SLASH_ _cVICE _PE OI_L. C_I_rTI_II

116 (_ITQIIll6) _ _'ql_ll-I JULY, 19_3

(IE6111.ATW) ,WIS _1 JULY, 19_3
]Jv _ _v _ 1ll9T_-1

127 (IIEGIJLATOR) _ IJlTSM-I JULY, 19_3

(3/_. F/_T _CO'RRY _ ]JlSAIS JULY, 1983
POlaR _L'TIFIER) _ IIISq20

AI27(I AI_, P_ER _CTIFIER) JA_ _1S61q, 16, 11, JULY, 19_
20 A_ 22

(1 /_'. FASTIIEC0qT.RY _ J/15_Q, Oq, mm JULY, 1_3
12_sl RECTIFIER) 06

(llll_l.Nt TIWISI_T MIlS _ TlfllOIIBI JULY, 19_
VgLTA_ SUPPIESSO_ 1116137
S_Om,TT

Ilone,awdl
N i Imam
mm
mm

RIL-S-Je_r_ JAilS$TAI_

(Co.Tmuto)

:_ -ESTilqATE_ 20 lEEKS.
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AVAILabILITY OF PARTS FOR SPAC_ SYSTEIqS/COSTS

B. Evans

TRM Systems

OV[RYIEH - The use of Class Sen new and |alloy-on

projects Is a topic that ts mech discussed, btMr
then another discussion I have token the Class S

approach and *ppllnd It to a role model spacecraft
reviewing iva|labl|tty of part mJhers, sch_le
CO_lStderlt|ofls |rid COSt consider'asians for various

procurolletlt opttens. In addltten ; on1 I_lefly

address product life c_le versus military space
quIItf1citlCWI tIout d|scuss I SUrVey Of potential
Class S suppliers And close with a summit) + and
rocomenda t i ons.

A CLASS S COST #.RD SCHEDULE - A MUCH CUSSED AND DISCUSSEO ITEM

e AP_)L¥1NG CLASS S TO A ROLE MODEL S/C

AVAILABILITY OF NEEDED PART NLIPaENE

-- SCHEDULE CORSIO_.RATIORS

COST C_SIDERATIONS VERSUS PROCU_EYI[NT OPTIORS

e CLASS S _JALIF]CATION TI_q[ yEASUS NEW PRODUCT L|F( CYCLE

t FIt;DING MORE SUPPLIERS FOR CLASS S

O SUPF_RY ANO RECO_q(NOATIC¢;S

II APPLYING cLASS S TO A ROLE MO_L SPACECRAFT - The

pro<jrem opprovlKI |C list from a major comlmlflcotton
spacecraft ms vend for the rondel. The spacecraft
vls dlstgnnd tn the 72, 73 time pertnd. The dtgtta'l

logic Is $400, S4L lind S4H. The _ used OIlS MSIO-S4,
9-20-82. The data simms that the ava41ab|e S live;

part types uquld mt SUpdort the needs of this
spacecraft. This drives the spacecraft bulldar Into

alternate procuelmont approaches.

CLASS S AVAILASILITY OF NEro PART NUleERS

PART NUMBERS pART IIUH_RS PART IIUII[RS

.ripEn _ mOPLH

OtG|TAL IC'S 46 I Z

LINEAR |O's 13 -- 2

TOTAL IC's 59 1 4

Ill SCHEDULES - This chert presents an tntagritloei

of 4 ClaRR S procul_meot schedule 1finn I ustng
project schndule. The Class S schndule ts shorn

the SpaCecMIft builders In*house t/me necessary
tO place the P,O and get the parts tnto Kits. The
schndule shows then under the hess cofldlttons the

part could be used but If the part tS i late
14enttt'lcatilm or any of the schedules have slips
the Pert will he late to Kits.

• FROM THE PROJECT CONTRACT NM/ID OATE TO _ PART KITTING OATE |S
16 MOMTHS.

• IN-HOU_[ PAMT PROCESSING, HITHOUT I_a/IAOS, 15 16 REEKS (4 IqoK1115).

o QUOTED DELIVERY TIHE FOR VARIOUS PARTS

SUPPLIER TIRE IN-HOUSE TOTAL

- JAN S 43-45 klK5 I 14-21 sacs S7-1HS

- TI_ PART NUI_R 33-3S THRU A 16 I_S 49-$1

43-4S _ & C

- SUPPLIER CLASS S 33°3S THRU A 16-21 MKS 4el-S6

45-4S _ l C

1 SHIPMENT PlIOR TO CORPL[TIOM OF B Nil) C NOT ALLOMED.

. FRONT ENO 804EDLLE _ SYSTEM

TYPICAL °UEU D(S%GN" (L(CTSONIC BLACK BOX SCH(DUL(
126 MONTH PaOGIAM)

e,

IV C05T5 * Cometltlon ts nltded to reduce costs.

The SpaCecraft butlder IS drtven to buy the most
Cost - effective part umetfng his contractual

I_q_trenents, It tS sntlc|pated tMt w rill

see price rnductlons In the supplier S equlv|lent
IrlS M to cmoRtltlon.

CLASS S COST CO_ARISON

JAN S

TI_ pART NLI_ER

SU?PL|ER CLASS S

EQUIVALENT

EXAMPLE IS S4LSO0

SUPPL|[R A SUPPLIER |

49.75

47.00 3S_22

52.00

SUPPLER C

I12.00

Y PROOUCTLIF[OTCLE - Mhlmdtscusstngldthpar t
suppliers the Problmes with procuring spacecraft
parts several Issues ape comenly bPougl_t up.
These ape product life c_le and return an

lnvestmnt. In 9eneral a part types life cycle
tn the comne_cta| uorld Is becoming shorter duo

to new part devetoment. As the part matures
the _ for mllltary qualification arises and
the part becks fully qulTtfind IS the co_ercIi1

volume dreps significantly. TO qualtfw at thts
paint tn time roquIpes supplier tnvastmmnt In i
part with reductng volume.

HILItlMrflqlOILCTS

PBGkCT LIF|ClTJ.[IB_IN

50 60 10 in RO

BISCR[T[

HILITMY 30

50 60 ?0 80 S0

TTL

]5 YEMS

25" _Lqs

|) IqlLITMY I

$0 60 70 I0 tl0

mS

5+ mMIS
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¥_ SUPPLIER INTEI_ST IR CLASS S - _e supp|lers

aM_ tn bJslness to mike s profit. They ape not

UWA_111nB tO Invest ff II potentfal m.-ket exfsts,
rsi_ver tf tt ts late In the product life cycle
their enthuslam will certainly be tempered,

SUPPLIER ]NTEREST IN CLASS S

• SUPPLIER ko D, E - QUALIFICATION COSTS COISS]DERED TOO HIGH FOR
RETURN ON INVESTH[NT.

B - DOES NOT SEE SUFFICIENT BUYER/USER INTEREST

TO i_RANT qUALIFICATION EXPENSE. FEELS
TH[|R U3S I"0 I_ _IABL[ ALTERI(kTI_E.

C - QUALIFICATION TOO COSTLY. NOT ENOLIGH RETURN

ON $P_CE BUS]NESS. _E¥£LOP|NG $ [_UIYALENT

FLOM.

OVERALL - Ui_TIL NTLITARY ANO SPACE LEVEL BUYERS B(Ci_q[ C(]ffIJTTED TO CLASS S
MOST PART SUPPLIERS ilfLL NOT BEAR THE EXPENSE OF _UALIFICATIOR.

¥X! SUNMRy NqO RECQR_NOATIORS - We must umk• Class S

work. The part mrket ls extremely dlfffcult to
4sit fn partfcular|y )'or the spacecraft ImlIdtr wtth
h_s ml1 ¢lUtt_t_t_tS Of 70 luke lt. uork we
must have tony quatlf|ed part'_"suppliers w|th the part
numbers _Nlllf|t_ thet _ need. Class S must also
he acceptabl• to the gOverlv_ent customer wtthmut

costly upgrading, When these thlngs hapPen Class S
w|ll he the success that. tt can be.

• CLASS S HAS MOT YET ACHIE_D ITS GOAL OF PAKING HIGH QUALITY SPACE
LEVEL pARTS AVAILABLE TO _ERS.

• SEVIERAL SUGGESTED ACTIONS ]NCLUDE

a) L]STE/I TO PART SUPPLIER CONCEI_tS ABOUT HIGH COST OF

QUALIFZCRTION. IF THEY'RE REAL EUMIRE ALTERNATE
APPROACHES, IF THEYtRE NOT SHOWTHE SUPPLIERS THEY'R£
NOT.

b) DEVELOP A LIST BY PART NUFEER SHOMIRG THE USING SPACECRAFT

AND QURNTIT|ES. DIRECT SUPPLIER EFFORTS TOWARD THE HIGHLY
USED PARTS. C(YlSZ[_[R SUBSIOIZING SUPPLIERS FOR

QUAL[_'|CAT[ON Or NEEDEO PARTS _|TK MOO[RAT( V(_.UI_,

c) EXNqIN[ ALLOWING SHIPRENT OF Jt_ S PRIOR TO COMPLI[TIOR OF

r.AO_ B.
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Mission Assurance Conference

E]ecCronic Parts Workshop

Parts Availability/Cost Subworkshop

Monitored Line Approach

A Solution to the Availability Problem

Warren Geiler

Technical Director

Monitored I,lue Service Program

Lockheed Missiles & Space Co. Ine

INTRODUCTION

There has been much discussion regarding the definition of

requirements for Space-Rated parts. All of these requirements

are of tittle value if the availability of these parts is inade-

quate. Yet we do need parts, delivered on time, at a reasonable
cost, with which to build our hardware.

Traditionally, we have looked to the Military specifications

system to develop sources for the kinds of parts necessary for
Military programs. At this point, we will show the Military

system does not solve the availability problem for many
classes of semiconductor parts.

In this discussion, we will try to look at the forest rather

than at the trees. We will try to define in broad terms what we

really need in Space-Rated parts and then look at alternative

approaches that meet these broad goals rather than a specific

list of requirements. By doing this, we will try to find means of

relieving the Space-Rated part availability problem.

MONITOREDLINE APPROACH-

A SOLUTIONTO THE AVAILABILITYPROBLEM

OBJECTIVESOF SPACE-RATEDPARTS PROGRAM

1} FAILURE-FREELAUNCHAND ORBITALOPERATIONS

2) FAILURE-FREESYSTEM-LEVELTESTING

:3} NO IDENTIFIEDLONG-LIFEFAILURETENDENCIESDURING

EQUIPMENTTESTING

4) TRACEABILITYRECORDSTO LIMIT THE SCOPEOF AFFECTED

HARDWAREIF A PARTFAILUREDOESOCCUR

OBJECTIVES OF SPACE-RATED PARTS PROGRAM

The fundamental objectives of a Space-Rated parts pro-

gram are easily defined. We need failure-free performance in

launch and orbital operations. We want as few failures as pos-

sible during the equipment build-up and test cycle--failures

cost time and money. If we must have failures, we want them

to occur early in the cycle where the cost impact is minimum.

In order to accomplish this, we need parts free from long-
life failure tendencies.

In recognition that there will always be some failures, a suc-

cessful program must maintain adequate records and make

provisions to provide back-up data for each part and its re-

lated lot, so that the scope of a failure can _be quickly identi-

fied and dealt with.

MONITOREDLINEAPPROACH-

A SOLUTIONTO THE AVAILABILITYPROBLEM

SPACE-RATEDPARTS CONCEPTS

"S"- PARTS WHOSEDESIGN,MATERIALS,MANUFACTURING

OPERATIONSAND TEST SCHEDULESHAVEBEENDEFINED

AND CONTROLLED,TO ENSUREPARTSFREEOF DEFECTS

WHICH COULDLIMIT THEIR PERFORMANCEIN

SPACESYSTEMSOPERATIONS

OTHER- WHERETHE ABOVEPARTSARE NOT AVAILABLE- PARTS,

(e.g.,USUALLYWITH LIMITED MANUFACTURINGAND TEST
CONTROLS)THAT HAVEBEENEXPOSEDTO A RIGOROUS

TEST REGIMEDESIGNEDTO REVEALPARTDEFECTS

SPACE-RATED PARTS CONCEPTS

For purposes of this discussion, it would appear to be ade-

quate to define space parts in two categories.

1) Those that include in-process controls in addition to

rigorious testing as "S" type.

2) Those that demonstrate their reliability primarily

through test programs.

Although we would prefer to use "S" type parts, there are

occasions where the availability problem forces us to use

"tested parts". While there is considerable history that indi-
cates "tested parts" are worthy of consideration, it is our be-

lief that "S" parts will ultimately reward us with lower failure

rates.
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MONITOREDLINE APPROACH-
A SOLUTIONTOTHE AVAILABILITYPROBLEM

SOURCESOF "S" PARTS

• MIL-M-38510 CLASS"S"

• MONITOREDLINE SERVICEPROGRAM(MIL-STD-1546)

• USER- GENERATEDSPECIFICATIONPARTS(MIL-STD-1547)

• SUPPLIER"S" PARTS

SOURCES OF "S" PARTS

Of the listed sources, the MIL-M-38510 Class "S" (JANS)

is preferred. Under this system, an extremely rigorous series of

specifications define parts accepted in the field by the DCAS,
a DoD agency. The specification requirements are established

by another Military group with extensive inputs from suppliers

and users. It is the DCAS responsibility to ensure that the sup-

plier conforms to the requirements of the specification.

The Monitored Line Service Program is characterized by a

single management and monitoring function controlling the

entire system. Specifications and drawings are based closely
the requirements of JANS. Particular emphasis is given

supplier management (to be discussed in greater detail). This

Program, with 11 years of maturity, has become a standard-

ization program, having supplied parts to nearly 50 Aerospace
users. The central management function has resulted in

greater flexibility to support program needs for making new
parts available.

User-generated specifications are necessary to relieve the to-

tal availability problem. They represent a best effort on the

part of a single user to obtain needed parts. Low-volume usage

of these specifications discourages suppliers. Some suppliers
will not accept orders for user-generated specifications.

Supplier "S" parts utilize supplier management to control

parts. While there is reluctance on the part of users to rely on

supplier controls, there are some parts that are only available

using this technique.

MONITOREDLINEAPPROACH-

A SOLUTIONTO THE AVAILABILITYPROBLEM

Om_m. ,N am,N.zm,mm_i_11_.I hlmmw cmmlme
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AVAILADIUrY OFMILITARY PARTS

AVAILABILITY OF MILITARY PARTS

A review of this chart provides a measure of the availability

problem.

The technology is advancing at an astounding rate. It is esti-

mated that new parts will become obsolescent in as little as

$ years. We are experiencing a large influx of compan-

ies coming on line, many with proprietary products tilting

some space need. These small companies are reluctant to enter

the MIL or "S" market.

As the chart shows, only a small fraction of the current

technology is available as JAN and only a fraction of that is
available as JANS.
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MONITOREDLINEAPPROACH-

A SOLUTIONTO THE AVAILABILITYPROBLEM

AVAILABILITY OF MONITORED LINE CIRCUITS

Even with the greater flexibility resulting from central

management, the Monitored Line (as is shown on the chart)

can currently supply parts from 12 of the 27 technologies

listed. However, JANS only currently provides p.rts from

4 technologies.

It becomes obvious that Monitored Line rather than com-

peting with JANS is really filling a vital need of supplementing

JANS.

MONITOREDLINE APPROACH-

A SOLUTIONTO THE AVAILABILITYPROBLEM

OVERVIEWOFMONITOREDLINE SERVICEPROGRAM

• CENTRAL(AF/LMSC)PROGRAMMANAGEMENT

• PROGRAMMATURITY (11 YEARS)

• LISTEDAS SUBSTITUTE CLASS"S" MIL-STD-1546

• SUPPLIERMANAGEMENT

RESIDENTTEAM ASSIGNEDTO EACH SUPPLIER'SFACILITY

SUPPLIERBASELINEMANAGEMENT

IDENTIFIEDPROCESS& TEST MONITORINGPOINTS

MATERIALREVIEWCAPABILITYFOR NON-CONFORMINGPARTS

OVERVIEW OF MONITORED LiNE SERVICE

PROGRAM

The AF/LMSC managed Monitored Line Service Program,

first established to support Lockheed Programs, currently

makes the service available to non-Lockhecd users through an
AF Contract.

As a result of specification similarity to JANS, Monitored

Line parts are listed as substitutes for JAN Class "S" in MIL-

STD-1546, with using Program approval. A significant char-

acteristic of the Program is the use of resident teams, a Relia-

bility Engineer, a Quality Engineer, and one or more

inspectors assigned to each facility, to manage the manufac-

turing, inspection and test of the parts. Many of the inspec-

tions are performed by the Locheed team as a check on sup-

plier performance. This always includes 100% internal visual

inspection performed by LMSC resident personnel. The sup-

plier flow baseline, after review and approval by the resident

personnel, is the basis for controlling the supplier operations.

Rigorous 100% inspections and tests have been incorpo-

rated into the program to preclude the need for costly lot sam-

ple testing. Justification for this is seen in the performance of

these parts (to be discussed). As a result of having resident
teams at the supplier's facility, real-time decision can be made

and direct support to the user is available.
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MONITOREDLINE APPROACH- MLP PART FAILURES IN EQUIPMENT JUNE 1973-

A SOLUTIONTOTHE AVAILABILITYPROBLEM MARCH 1983

OVERVIEWOF MONITOREDLINESERVICEPROGRAM(CONT°D)

• RIGOROUSMANAGEDTEST PROGRAM

100% SCREENINGUNLESSDESTRUCTIVE

TIGHT PARAMETERDRIFTREQUIREMENTS

FAILUREANALYSISOF BURN-INREJECTS
REVIEWOF LOTS WITH SIGNIFICANTFAILURERATES (2% PDA)

• REJECTIONOF RELIABILITYHAZARD DEVICES

(NOT DEFINEDIN SPECREQUIREMENTS)

• EXTENSIVEDATA PACKAGESHIPPEDWITH PARTS

• COORDINATEDPROCUREMENT

• ABILITYTO ADD NEWPARTSIN RESPONSETO PROGRAMNEEDS

OVERVIEW OF MONITORED LINE SERVICE

PROGRAM (Cont'd)

Monitored Line resident personnel are striving constantly to

identify non-conforming parts at the earliest step of the

production cycle. This allows a maximum of time for the sup-

plier to build a replacement lot if necessary. When delivery im-

pact is anticipated, early detection of a problem allows the

user to make a technical assessment of the discrepancy and de-

cide if his application is affected by the non-conformance.

When the Monitored Line Program Office finds that the non-

conformance does not present a latent defect reliability haz-

ard, the user is allowed to amend his purchase order and buy

the non-conforming hardware. Non-conforming parts with in-

terchangeability defects are marked so that they may be identi-

fied. When parts are identified having a defect that could

present a reliability hazard, even though not rejectable to spec-

ification requirements, these parts are removed from the line

with supplier and user concurrence.

Coordinated procurements have been performed for LMSC

programs and subcontractors and are also available to non-

Lockheed users.

MONITOREDLINEAPPROACH-

A SOLUTIONTO THE AVAILABILITYPROBLEM

MLP PART FAILURESIN EQUIPMENT

ALLTEST LEVELS

ALLPROGRAMS

JUNE 1973 -MARCH 1983

One of the objectives of the Monitored Line Program has

been to accumulate failure data with the interest of identifying.

assignable causes in order to eliminate them. Our success inq

accomplishing this objective can be observed with regard to

two entries in the chart -- 36 Hybrid IC Conductive Particle

failures and 67 Digital Oxide Fault failures, accounting for

nearly half of the failures.

The first problem was eliminated in 1976 by modifying the

wire bonding and lid sealing processes, and maintaining those

fixes. The second problem was more subtle since it involved

flaws in the oxide under the metal where they could not be de-

tected by visual inspection. After much analysis, we were able

to develop an electrical test which provided failure precursor

information. This test was incorporated into our specification

in 1978.

It should be observed that through process control, we have

not yet experienced a wire bond failure in any IC and have

seen only 16 conductive particle failures other than the 36 dis-

cussed above.

The low failure rate shown here has been constantly de-

creasing as we eliminate problems and monitor to see that they

remain eliminated.

MONITOREDLINEAPPROACH-

A SOLUTIONTO THE AVAILABILITYPROBLEM

MLP PART FAILURESIN EQUIPMENT

ALL TEST LEVELS

ALL PROGRAMS

-
8J_mJ D _ ! o $ o I i

,I_ Rill l I I | ! l

JUNE 1980 THRU MARCH 1983

MLP PART FAILURES IN EQUIPMENT -- JUNE 1980 --

MARCH 1983

This matrix clearly shows that through Program maturity,

and a constant striving to identify and eliminate failure mech-

anisms, a continuting lower failure rate can be achieved.

Even more significant, there are no concentrations of fail-

ures that can be readily associated with assignable causes.
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MONITOREDLINE APPROACH-

A SOLUTIONTO THE AVAILABILITYPROGRAM

PERFORMANCEIN EQUIPMENT(10 YEARSOF DELIVERIES)

• APPROXIMATELY5000 LOTS DELIVERED

• ONEKNOWNRETROFITFOR LOTRELATEDPROBLEM

LOT PASSEDSEM SAMPLE(METHOD2018) BUT HADBAD

METALCOVERAGE

• MOST FAILURESOCCUREARLYIN TEST PHASE

INITIAL EXPOSURETO NEW ENVIRONMENT

• SIGNIFICANTPROGRAMCOST REDUCTIONBECAUSEOF FEW

TEST FAILURESAND THOSE,OCCURRINGEARLYIN THE TEST CYCLE

• TWO REPORTEDSYSTEMTEST LEVELFAILURES

CONCLUDEDTO BE NON.LOTRELATED

• NO REPORTEDOPERATIONALFAILURES

OPERATIONALLIFEAS LONGAS 8 YEARS

PERFORMANCE IN EQUIPMENT (I0 YEARS OF

DELIVERIES)

Several conclusions can be drawn from this data justifying

the Monitored Line approach.

1) It is possible, through a managed program, to essentially

eliminate part failures, even on complex semiconductor
devices.

2) Rigorous process control and maximum use of 100%

screening can produce parts sufficiently failure-free and

homogenious to preclude the need for costly and time

consuming lot sample testing.

3) Utilizing the supplier baseline as the basis for supplier

management is a viable approach.

MONITORLINE APPROACH-

A SOLUTIONTO THE AVAILABILITYPROBLEM

CONCLUSIONS

• RIGOROUSREQUIREMENTSFORSPACE-RATEDPARTSTEND

TO SEVERELYLIMIT THEIR AVAILABILITY

• MIL-M-38510-CLASS"S" SOLVESA SMALLPORTIONOF THE

AVAILABILITYPROBLEM

• MANY SUPPLIER"S" QUALITYPARTS AREAVAILABLEBUT USER

CONFIDENCEIS LACKING

• MONITOREDLINE,WITH DEMONSTRATEDPERFORMANCE,

SUPPLEMENTSMIL-M-38510 CLASS"S", TO HELPSOLVETHE

AVAILABILITYPROBLEM

CONCLUSIONS

The lack of availability of space-rated parts poses a serious

problem to the users.

We want the best parts, but are forced on occasions to use

parts that are not all that we want, but appear to be adequate

for the application.

Analysis of Monitored Line performance data should be

sufficient to convince users that this is a viable supplemental

approach to JANS, worthy of serious consideration for help-

ing relieve the "S" part availability problem.

This approach is in keeping with the recent military

re-emphasis of the OEM's responsibility for the reliability/
quality of the parts used in his equipment.
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NICROCIRCUIT OUAL|FICATION

By

Robert E. Oepp

Oefense [lectronlcs Supply Center

I would like to discuss witm: yOU our JiIcruclrcJit Uu41ificetiola Pru_rau at the Oefe.se
[lectronics Supply Center. Ddyton, UH. de nJve _pproxi,ljt_ _UO _erson_Lel o_lcJted to

the Engineering S_indardiZatlon Proyr_. These persunne| 8r_ cn_r_eo with four (4)
_ajor functio.$:

I. de are responsiol_ for ucna_in 9 the D_partue.t of Oef_nse (OuU) $_InOcrization
PrograQ for electronic pirts.

Z. We develop Is agent for tile _lilitdr¥ services s_eclficdtions ano stand*rds.

3. He idatnister the qulllftcatton progre_l for i.ios_ electro,li_ pdr_$.

4. We provide parts control recon_eno_tions for boo syst_l.lS to the $_steL.i progra_

uln_gers.

In SUpport of the preparation of specifications ind s_¢n_rds w_ _o _pruxi_._i_el 3 l_U
projects per yeir; this equines to _b_ of ill electronics bcrts pro_ec_s _ulLaucsed
wtth|n t_e DOD. We Ire I|so responsio_ for I_u Qu_|ified Pruouc_s LtS_$ (_PLS).

The vllue of plrts sten_raiz_|ol, is r_th_r strjigntfurwcr_ _n_ we CUll_l,au_slj couture

the COSt Ivoio_nce of _be p_r_s s_nd#r_iz_ion action pru_r¢_ _sln_ tl_e following
criteria:

|. Value of the desigtl oocuuen_etion cost avoia_lce (Ulle tSu_).
PLUS

2. ViIue of testing cost avotoince (one ti_e).
PLU_

3. ¥1|ue of supply uenageuent COS_ ivuidince.
_L_$

4. ¥elue of _l|ntenince ecttons cost _voidence.

The pest yeer the Cost evoi_ence w_s sufficient to ylel_ _. _u.l r_tio of b_nefit to

cost. The _t11|tlry Pirts _ontrol Advisory Pr©gre_l (_P_AP) is • sys_eu wn_re our
eng|neer$ _eet wtth t_e progrlu _an_ger of the systeu, _ne prt_e contrictors, _11

$ubcontrlctors ind the i_tlttery reliibility engineers _na Oe_e_llne the _evel of _drts
to _e used in the $_$_eu design. The _.lil_t_ry specific_ion preparation _s _ vital

e|e_ent 1_ tile parts control progrlu if the spec|ficitioll |S tiue|j _n_ _ quillfied
source 1$ obtllned.

_o_|i_.8_8_9S,? f t.e typ,.1 syst._, for ,.ic. we ..e .to,idea ,,r. r,:o.._..tioni,

PART TYPES PROPOSED FOR

PPSLs INTEGRATED CIRCUITS

- i16.9

8.6 10
m

PRIOR TO MPCAG AFTER MPCAG
REVIEW REVIEW

ALL DATA FOR FY 1R_1 AN n FY 1_2

300

2OO

100

O

DoD COST AVOIDANCES

USING M38510 DEVICES

SMILUON$

400

321.1

!78.21W o_L !/cost
jLO_,2 ! *w4_nimBi , _AOA_

C_CLE
I_ST$

COST AVOIDANCE

MAJOR S_ USING PARTS CONTROL PROGRAMS

AH-_I (AAH) E-eB MLR$

AEGIS SHIES F-IS MRASM

ALCM F-1S mmlp tAX

AMRAAM F- I & NGT (Td6A)

AN/SPS-el RADAR F- 16 MS|F PATRIOT

AN/UYK.43 _ld F-I$ PAVE TACK

ASPJ GLC_ PEI_HIN_ H

AVI-B GPS PLS$

AWACS JTIDS ROLAND

-R!SS LAMPS SEEK tGLO0

BLACKHAWK LANTIRN (HUD). (POD) SHU11LE IUS

I-II LASER HELLFIRE SLCM

IkS20AS M-1 TANK SOTAS

ELF MAVERICK TADS/PNVS ,

EF-I I IA MINUTEMAN nl

RESULTS

IIIIlell

el

IIIIill

Parts control program
14UT_ffPM'I__0H10OLimtlsmffGIIP (Iq:JE_

LIFE CYCLE COST l¥OlllHC[ TO01 HOH.STI-pIRT IEPLOCEIIEHTS

,o. [ /

400 lllllml

TO COST

20O

FY 73 74 75 76 77 73 73 0O 81

M:I

For the fiscal years _1 _nd UZ, figure 1 indicates our oefure anG cfcer results for
MPCAG i_icrocircuit reco,.l_erla_tlon$. Tne _referre_ _lrt$ Selection L|st$ |PPSLs) ire •

shopping list tnit th_ design engineer u_y use i. the _eslgll of t_ system. After our
Milttiry Plrts Control A_vlsory Group {_P_&) his reviewe_ tn_ p_rts to oe use_ in the
design of • $jstes_ w_ use th_ previously i.lentioneo co$_ _vol_llC_ crit_ri_ _o 0e_eruille

c¢_t #vot01nce. Tne cost _vuto_nce fru,._ tn_ NP_A_ pru_rd_ for _ne pdst two fisc¢l yeir$
was ZTU uillion 0oll_rs for microcircuits.

Figure 2 snows our ¢os_ ivuSad.ce fur _ne pds_ 1_ yeers. The _A_ Pr_greL_ s_irte_ 111
1973 and tne COlt •voldince Is ipproicnin_ one oil)toil ooll_rs.
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The prooleLis assoc,=tea wiui 't;c-ra-ad_]_ p,og'_.; CdL_- 'd'V i.,','S. .3 n_V_ Oee. Jol_ to

help reduce the non_vdiiaD)ll;_ cf _ fJllj q_l,_l.*_ s_urc_ aj us_ _£$_ or_wings fur

_.ne interin perto_ oetween is_uanc_ of tn¢ 14JJ_4 Sp¢_lfl_d..io,i dn_ *,le_l d udnufactur_r

obtlins I QPL lis_ln s . Hany of tn_ vroule,.i5 ire CdUS_ _y d la¢= O_ a_en_ion to t._

4etails of initill drafts of s;eclfiCd_l_._ 0 i ,.l_n_fdct,s_er$. I!_:_¢_ur_r5 ndv_

$uppl_ed drafts _0 _e u$_ In _n_ _u_,_dlnd:l_l _ru_SS dllJ _cr _1 unaole _o qualify

to _neir own _r_f_. Anoth_ ;.laj_r ;r_le,i Is d lac_ oT n_n-t_v_; ,.l_,la_,_n_ ¢0_1_11_.t

_0 _he JA_ progral._ oj _ne _.ldr_f_c_rers. _ d_W_drS tO _5 _11_ _ _¢5tln 9 wne. _I ten

_e ft%te_ i_l _e'_ween o_r, ev _urk ur tner_ T_ nu_n_n_ _1_ _ _ uf nigher priority.

There i5 tlso t lag oe_w_en _ne oev_lop,_n_ of 5_-of-%_,_-=r_ s_ctf_d_ion_ alia _n_

purc_ise of pdrt_ fo_ pro_uc_lO,i _se. Tn._ pr_ol_,.is ore _redLe_ :wlen _ra_r_ du .o_

rapldl.v follow tile damon 9 of d s_e_ifl¢_l_,.

The MZL-M-J_S1U progra,_ _is d lengtn_ q_alif_a:l_,l cj_l_ _rl_ 1,1 ,_o5_ ea_e$ i_ e_c_eds a

.veir. T_i$ _s frequently DrOught _uOu_ O_ ,i.'_l_fac_ur_r_ .0_ u_ing pre_a_O for u_r

iUd|_S, de feel _a_ a 5elf-_udi: requlreJvnt. _,_;os_ 0_t d peri._o_¢ DdS_5. WOUl_ De

one $01_tion _0 that _ro_le_.l. _e _u f_na tndL in Udn_ C=$_S I_11¢ _r_flc_%ion Ooe$

not. lead t.o qualtfl¢i_ion of aevi:e$. This. w_ o_i_ve. _ ¢duse_ o_ $0,.1_ i._dnufuc_rer5

prlnar_ly vant.ln 9 a D£S_ ce_%ifle_ I1,1_ tv sell "o_J eq_vu_n_" a=viees. To solve _nt$

probleLi, we propose t._i_ uiles_on_ an_ $¢ned_l_ o_ _evelepe_ _n_ d flr,._ C_,.i, li_,l_r,_ frol.I

e responsible conpiny u_n_ge;.ler,'. _ffl_ _o in_ieaLe t.nmt _ele_¢ ln_end to follow up on

quiltfb, ing JAN devices _f%er _ O[SC _er;If:_Llon. The Pr_gra_ ,a_n_ge_en_ _150 _ldS_

share so_e of the blal._e since _e_ _ nu_ _ssivel¥ use JAN Had_l_ devices tll

m|llt.lry sys_el_s. We ire get._in 9 in_ea$_ n_l_aers ot ¢o,.lpla_nSs frolJ u_nufac_rer$

thl_ "_B3 e_uivaient.s" are O_ln_ i'$e_ .n_l_ _A;J H:L-H-J'_lU devices $vt tn

Hlnufiet.urer$' lnvent.ory. ;_. i$ _6r_ to encourd_e ,_anufac_ur_r_ _, pursue i. 4_gress_ve

qulltf|¢et.|on progr_u w_t.h _hi_ $i'.ua_.ion existing.

Ftgure 30elow ¢on_iin$ fe_u_e$ _nd_ snow _._ oest an(_ aver_9_ _.1_ t.u ¢o,J_l_t._ ¢_rtai.

phases of the qualifi¢_t.ion procv55 _¢ are eurren_l_ at.t.eupt|n_ t.u s_r_dul_ne that
process.

• ;_ $_(¢ ,, _(t.___ M._! i_ • u i(_

611°l'°z t

iiIol.oz io lIT[t(l_

iiiol-oz iiPtl$_l |_

l_ol-oz _.u_Ac*va||

I1_1-ot 1,o_ vis

TOT*____ .P I.

eel IL Iv

V($ lCSC_l QPL-Z roe U_Ie4

v,_ I v

MIL.M-38510
_l=lll.

LENGTHY OUALIFICATION CYCLE *:; =.(. ,,

+iuu+ ZVvl _[s

BEST AVERAGE .,_o]-o. ._ io ts_(s(s_

MANUFACTURER REQUEST FOR ATr 2 DAYS 44 DAYS _+z_+ _ izPstsu_ ;_

ATr APPROVAL TO PART I REPORT 21 DAYS 11.3 MONTHS

OUAUFICATIONREPORTINITtAL REV1EV_ 2 DAYS I(LSOAYS t,=_l ,i,, _(_

COMPLETION OF PART I DUAL 0 DAYS 1.6 MONTHS

_no_ _IV;_C_UIII

"_!'

vii vii

i($ _ll

I i I I(_lll

uec o|oeelo

suolllo - _Oll

lilllllT

Recent.ly. we nave encouneereo a nu,io_r of _;¢,45 ogr]_ our Jo_lo u=Jtes. Tnej .uvc

requireuen_s. Conseque,lt]/. *e _r_ _nsur_ uf _e q_ll_j/relid_ll_j o_ _nv a_vice5

encountered nUl_ro_$ C_5es of where _n_ ]ln_ _ro_e¢_re_ _r_ iio_ d¢Curd_lj documented
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MICROCIRCUIT QUALIFICATION

by

ROBERT E DEPP

DEFENSE ELECTRONICS SUPPLY CENTER

DAYTON. OHIO

WHO IS OESC ENGINEERING STANDAROIZATION

AND WHAT IX) WE IX)

• WHAT IS OUR OIIJECTIVE

• HOW DO_ PARTS CONTROL FIT IN

• I_L p_IL_il 'Ibl_ H FOCUS ON llllL.i-311610

• FUTURE II_TIATNIE.i

• IIJIWY

IACKGIIOUNO

WHAT WE DO

• DoD STANDARDIZATION MANAGER FOR ELECTRONIC PARTS

• MILITARY DEPARTMENT AGENT FOR MIL SPECS AND STDS

• ADMINISTERS QUALIFICATION PROGRAMS QPLs

• PROVIDE PARTS CONTROL SUPPORT FOR DoD SYSTEMS

PROGRAMS MANAGERS
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MIL.M-38510 ,{.E,l, .,_ _'_
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Iq_oIILAM
• MANUFAC51JIqLm8NOTSUFFI_Y PIIEPAJLIED
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MIL.M.38510

8PECIFIC&TtON REQUIREMENTS PROBLEMS
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LENQTHY 0UALIFICATION CYCLE
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4_JQ V(_ V(_

VP IO
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TUTAL _(liWll_L_ _

RECOMMENDATIONS

CONItI_IUE TO COVER MtCR_OCE.e_--e'OR,_ Wtl'H MILITARY SPECIFICATION
A_O ACTIVELY PUflSUE QUALIFICATOON

M_ROPROCESStNG PE_FHER_L"

NO NIL._SSI0 SPEC0FiCATION Witt BE 0SSUEDONLY DES_
O_nNG_. T_E OESC O_WINGS EUGUBILITY _LL 8E QUALIFiCATiON OF

MICROPROCESSONL

MOL-M-3_I0 SPECiFICATIO_ ISSUEO WiLL BE SOME TYPE OF FAMILY

GIIILIFICATIIIII

PR01KEIIS

ATT CNICELI._O (]9_2)

ATT 0VER 6 ltB;;THS OLD

ATT O_ 12 fl3_lTH_ _._

317 (7_)

227 _55"_

FUTURE INmATIVES

ITgllAllLIOI | QPi. Mm_illi

;UUDUC_AUOn 1_0_6

OCAS'r_

H_INO CERTIFIC_TIO_

1111| PART| c_r IlIOL

TaUnmo

.'111 ISSII[D (.wl 85)

MIL.M.38510

AU01T PROBLEMS

• IN_ i INA_TTE RL_

_ FNLUllE TOKIE_ U_ PI_ U_ TO OATE

• ALTIRATIOIL4 OFRII_

• QtlALM_C._TIm_ _ -- 14%

SUMMARY

I NEED YOUR HELP

• COMMITMENT

• SlELF.AUO_T

• INDUSTRY/GOVERNMENT PARTNERSHIP

• QUALITY

• MICROPROCESSORS AND PERIPHERALS
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"ISSUES/ANSWERS: VLSI DESIGN. RELIABILITY,

QUALITY, QUALIFICATION, LOGISTICS SUPPORTABILITY"

BY

EDMUND J, WESTCOTT

TECHNICAL DIRECTOR

RELIABILITY & COMPATIBILITY DIVISION

ROME AIR DEVELOPMENT CENTER

GRIFFISS AIR FORCE BASE,N, Y,

THE SPEAKER WILL DEAL WITH ISSUES AND PROVIDE ANSWERS ON I,_DW THE AIR FORCE

MEANS TO DEAL WITH THE CONTROL OF VLSl DEVICE DESIGN TO CONTROL THE

RELIABILITY AND QUALITY OF NEW TECHNOLOGY MICROELECTRONIC DEVICES, HE

WILL DISCUSS THE TECHNIQUES BEING PROPOSED BY THE AIR FORCE FOR THE QUALIFICA-

TION OF THESE SHALL SCALE GEOMETRY DEVICES, HE WiLL ALSO HIGHLIGHT THE

DILEMMA POSED BY THE EMERGENCE OF CUSTOM DESIGN AND ITS IMPACT ON

LOGISTICS SUPPORTABILITY OF MILITARY SYSTEMS, A SUMMARY OF THE DISCUSSION

FOLLOWS:

THE SHRINKING GEOMETRY OF MICROELECTRONIC DEVICES IS PROVIDING A

CONTINUAL CHALLENGE TO DESIGNERS, MANUFACTURERS AND THE USING COMMUNITY,

THE ADVENT OF VLSl I$ HAVING A SIGNIFICANT IMPACT ON THE DESIGN OF SYSTEMS/

EQUIPMENTS (VUGRAPHS 1 AND 2) AS WELL AS THE APPROACH TO THE DESIGN OF THE

MICROELECTRONIC DEVICES (VUGRAPH 3), ITHE AMOUNT OF LOGIC THAT CAN BE

OPTIMALLY PACKED INTO A CHIP NECESSITATES THE USE OF COMPUTER AIDED DESIGN

(CAD) AND COMPUTER AIDED MANUFACTURING (CA_) TECHNIQUES, EACH _/CA_

APPROACH TO THE DESIGN/MANUFACTURE OF MICROCIRCUITS HAS UNIQUE DESING RULES

WHICH MUST BE FOLLOWED BY THE DESIGNER TO ENSURE ADEQUACY OF THE DESIGN,

THE ELECTRICAL CHARACTERIZATION OF VLSI DEVICES HAS BECOME SO TIME CONSUMING

THAT IT HAS BECOME IMPRACTICAL TO CONTINUE TO DEVELOP TEST ROUTINES USING

MANUAL AND SEMI-AUTOMATED TECHNIQUES (VUGRAPH _),

THE REDUCTION IN THE GEOMETRY IN ON-CHIP DEVICE FEATURE SIZE AND ALUMINUF

LINE SPACING DICTATES THE USE OF HIGHLY COMPLEX PROCESSES AND CONTROLS TO

ENSURE REGISTRATION AND SEPARATION BETWEEN ADJACENT LINES (VUGRAPH 5),

ASSEMBLY OPERATIONS ARE BEING AUTOMATED TO REMOVE THE MAN FROM THE LOOP TO

ENSURE REPEATABILITY OF PROCESS AND MECHANICAL-VISUAL INSPECTIONS ARE NO

LONGER FEASIBLE SINCE THE DEGREE OF MAGNIFICATION AND INSPECTION TIME ARE

INORDINATELY LARGE, TESTING REQUIRES THE USE OF HIGHLY COMPLEX AND VERY

COSTLY TEST EQUIPMENT AND THERE NOW EXISTS A DILEMMA DUE TO THE INCREASING

SPEEDS AND INPUT-OUTPUT PIN INTERFACE COMPATIBILITY WITH CURRENT TEST

EQUIPMENT (VUGRAPH 6), ONE METHOD OF DEALING WITH THIS DILEMMA IS THE USE OF

ON-CHIP TESTABILITY (VuGRAPH 7), ONE OF THE MANY TECHNIQUES FOR ACHIEVING

REDUCTION OF TEST TIME WHILE ACCESSING MANY OF THE INTERNAL DEVICE NODES IS

THE USE OF THE "SET-SCAN" TESTABILITY TECHNIQUE (VUGRAPH 8), THIS TECHNIQUE

PROVIDES FOR SOFTWARE DIRECTED INTERCONNECTION OF SEQUENTIAL LOBIC INTO

COMBINATORIAL PATTERNS.

THE ADVENT OF VLSI HAS PROVIDED THE OPPORTUNITY FOB A #FREE-LUNCH" IN

POTENTIAL FOR SIGNIFICANT RELIABILITY IMPROVEMENT AT THE CHIP LEVEL

(VUGRAPH 9), AS CAN BE SEEN (VUGRAPH 10) THERE lS AN IMPROVEMENT IN BEALIA-

BILITY THAT IS REALIZED AS A REDUCTION IN THE RELATIVE FAILURE RATE PER

FUNCTION, HOWEVER, THE PACKAGING AND INTERFACING OF A LARGE NUMBER OF

INPUT-OUTPUT PINS AS WELL AS THE NEED TO TRANSFER LARGE POWER DEMANDS AND

CARRY AWAY HEAT IS PROVIDED A GREAT CHALLENGE TO BOTH DEVICE DESIGNERS AND

EQUIPMENT DESIGNERS AND THE POTENTIAL GAIN IN SYSTEM RELIABILITY MIGHT NOT BE

FULLY REALIZED IN POORLy CONCEIVED DEVICE AND SYSTEM DESIGNS (VuGRAPH ]1),

THE REDUCTION IN FEATURE SIZE AND LINE SEPARATION WHEN COUPLED WITH THE

REDUCED OPERATING LOGIC LEVELS HAS RAISED CONSIDERABLE CONCERN OVER DEVICE

SUSCEPTATILITY TO ELECTROMAGNETIC INTERFERENCE (VUGRAPH 12), THE D,C, AND

A,C, NOISE LEVELS OF MICROELECTRONIC HAS BEEN POORLY CHARACTERIZED

(VUGRAPH 13) IN THE PAST AND NOW REQUIRES IMMEDIATE ATTENTION TO ENSURE THE

RELIABLE OPERATION OF VLSl DEVICES, ANOTHER AREA RECEIVING CONSIDERABLE

ATTENTION IS THE PROPENSITY FOR ELECTROMIGRATION FINE LINE GEOMETRY DEVICES

(VuGRAPH14). THE CHARACTERISTICS OF INTERNAL DEVICE CONDUCTORS HAVE BEEN

HERETOFORE CONTROLLED BY MILITARY STANDARDS (VUGRAPH 15), HOWEVER RECENT

OBSERVATIONS OF ELECTROMIGRATiON FAILURES HAVE LED US TO BELIEVE THAT THE PAS1

CRITERIA IS NOT ADEQUATE FOR COMPLEX VLSI DEVICES AND NDW CRITERIA HAS BEEN

DEVELOPED (VUGRAPH 16), RADC IS ALREADY PLANNING TO SPONSOR A RESEARCH AND

DEVELOPMENT PROGRAM TO DEVELOP A QUALIFICATION TEST TO REPLACE THE ANALYTICAL

_cvu_n eoreeo,.c_ IN .uc M,,,_.._ STANDARD.

VLSlDESIGN HAS CREATED SEVERAL QUALITY ISSUES WHICH MUST BE ADDRESSED

(VUGRAPH 17),

ONE OF THE MOST SIGNIFICANT IMPACTS OF VLSI 15 THAT OF DEVICE

QUALIFICATION (VEGRAPH 18), CURRENT DEVICE QUALIFICATION TECHNIQUES ARE

SIMPLY NOT ABLE TO DEAL WITH THE QUALIFICATION PROCESS IN k COST EFFECTIVE

MANNER, NEW TECHNIQUES ARE BEING DEVELOPED AND WILL BE BOOM IMPLEMENTED

(VuGRAPH 19). THE OBJECTIVES OF THE NEW QUALIFICATION PROCEDURES ARE

DESCRIBED (VUGRAPH 20), THE SPECIFIC CHANGES BEING CONSIDERED FOR APPLICATIOh

TO VLSI TECHNOLOGY DEVICES (VUGRAPH 21),

THE ECONOMIC LOGISTIC SUPPORTABILITY OF _ILITARY SYSTEMS IS OF PARAMOUNT

IMPORTANCE AND IS ONE OF THE MOST IMPORTANT DRIVERS IN THE NEED FOR DEVICE

STANDARDIZATION (VUGRAPH 22), SOME OF THE TOOLS AVAILABLE WHICH PROVIDE

GUIDANCE TO DESIGNERS IN THE PROPER SELECTION OF DEVICE TECHNOLOGY IS THE

MRAP AND.MIL-STD q54 (R_T XX). THE DEVICE TECHNOLOGY PROGRESSION IS SHOWN

(VUGRAPH 23) AND THE TREND OF MICROELECTRONIC DEVICE TECHNOLOGY

OBSOLENSCENCE IS SHOWN (VuGRAPH 24), THE ANTETHI$1S OF STANDARDIZATION IS

THE CURRENT DEVELOPMENT AND PROLIFERATION OF CUSTOM DESIGN DEVICES AND THE

MANUFACTURE OF THESE DEVICES IN SO-CALLED SILICON FOUNDRIES, THE RELIABILITY

AND QUALITY OF THESE DEVICES ARE RARELY DEMONSTRATED AND THEREFORE LEAD TO

SERIOUS QUESTION OF THERE COST-EFFECTIVENESS WHEN USED IN MILITARY SYSTEMS

(VuGRAPH25), THIS 15 FURTHER COMPOUNDED SINCE MANY OF THESE DEVICES LACK

FORMAL OWNERSHIP BY THE EQUIPMENT DESIGNER AND THE USER MAY BE CONFRONTED WITF

THE UNAVAILABILITY OF THESE DEVICES DURING THE USEFULL LIFE OF THE SYSTEM,

R_C IS CURRENTLY EVALUATING A NUMBER OF HIGH TECHNOLOGY VLSI DEVICES FOR

CONSIDERATION FOR FUTURE MILITARY APPLICATIONS (VUORAPH 26),
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ADVANCED NMOS PROCESS

CHARACTERIZATION ANDCONTROL

Dr. David Meyer

IBM - Federal Systems Division

Manassas, Virginia

In trying to establish and maintain the quality and yield of VLSI chips currently
in fabrication, several basic problems have arisen. These problems will be

addressed using a Ipm NMOS process as an example. The characterization strategy
which is used to maintain the quality of the wafer processing and yield is

described to show the required detail to be able to obtain statistically mean-
ingful data. The physical devices which are used to determine the data are

in-process monitor wafers, kerf structures, defect monitor test sites, and
line monitor test sites.

BASIC CONSTRAINTS

In any l_m feature size VLSI circuit of 1OK to lOOK random logic gates, several

basic characterization constraints occur. First, the 1_m feature sizes are
difficult to optically inspect, especially to see the sidewall contours.

Scanning electron microscopes (SEM)_can be used as a periodic check but are

slow and can image only the top layer which is limiting when investigating

multi-level metal chips with several dielectric passivation layers. Similarly,

internal electrical probing of the_chip wiring using mechanical probes is very

difficult and unreliable. Large gate count random logic chips also significantly
complicate diagnostic testing which limits electrical fault location. The

combination of reduced horizontal and vertical dimensions limits the useful-

ness of material diagnostic techniques like SIMS, EDAX, AUGER, etc. because

of beam size and material resolution. Finally, the process quality detractors

are masked by circuit complexity and associated lower yields which makes detrac-
tor identification difficult. Improved electrical characterization have been

developed which assist in some of these problems.

!pm NMOS PROCESS DESCRIPTION

A basic l_m NMOS process was developed by IBM Research (1) in the 1970's.

The basic attributes of this process are:

(1) 500nm recessed field oxide

(2) Enhancement and depletion FET's

(3) Totally ion implanted process

(4) Single polysilicide (WSi_) layer

(5) Contact barrier metallur_ (Pd2Si)
(6) 25nm gate oxide

(7) O.35vm drain/source diffusion depth
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The basic lithography groundrules are:

Groundrule Minimum Linewidth

Nt region 1.75pm

Polysilicide 1.5pm

Contact 1.0pm

Metal 1.25pm

Channel Length 1.3±0.3pm

Several concerns were highlighted at that time. Gate oxide breakdown decrease,

increased contact resistance, advent of hot electrons, varying threshold voltage

control with channel length, and in general, overall dimensional control are

problems to be dealt with and eliminated or controlled.

CHARACTERIZATION STRATEGY

In order to be able to investigate the above mentioned problems and others,

a characterization strategy i_ being utilized which has been developed by

IBM in the 1970's. There are four main types of wafers and test sites used

to monitor the process and to assure its quality and the quality of its pro-

duct chips. The monitors are:

(1) In-process Monitor Wafers

(2) Kerr Device Structure

(3) Defect Monitor Test Site

(4) Line Monitor Test Site

With these monitors, it is possible to obtain statistically meaningful data
about a wide range of parameters from basic device parameters, random defects,

physical process parameters, etc. which are used routinely to maintain the

process in its desired state and to quickly identify any deviations from the

process specifications.

In-Process Monitor Wafers

The wafers start with the product lot wafers and experience the same hot process

steps as the product wafers. However, the monitor wafers do not experience the

lithography steps so the hot process films and operations are uniform across

the wafer. These wafers individually check the various process steps or a

series of process steps for process accuracy. Typical measurements on these
wafers are:

(1) Capacitance - Voltage
(2) Film Thicknesses

(3) Junction Depths

(4) Layer Resistivities

If any of the measurements indicate a deviation, the product lot is investigated,

and a determination is made as to whether the lot should proceed in processing.
In addition to these measurements, a series of stress tests are performed on

the in-process monitor wafers which gives a good indication of the quality of
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the process and the expected reliability of the product chips. Thus, the
in-process monitor wafers provide an immediate indicator of product lot prob-
lems and through sufficient numberof monitor wafers can accurately pinpoint
the process which is out of specification.

Kerf Structure

The kerf structure is a "L" shaped area on each product and test site chip on

each wafer. This structure is designed to be eliminated during the chip dicing

operation and thus minimizes lost chip area. The kerf devices can be probed
at both first and second level metallizations. Typical devices on a kerf

structure are:

(1) Enhancement and depletion FET's

(2) Capacitors of various dielectric levels

(3) Resistivity monitors

(4) Contact chains

(5) Alignment marks and tolerance

The kerf structure provides parametric data about key devices and structures

which is statistically meaningful. This data can be analyzed by wafer, lot,

series of lots, etc. to determine parameter trends and possible problem areas.

However, the critical areas and number of devices are insufficient to predict

yield or defect status.

Defect Monitor Test Site

The defect monitor test site contains structures which have large critical

areas such as first level metal running over various topographies. The struc-

tures can be electrically measured to obtain statistically meaningful defect

data. From this data, visual inspection and delayering techniques, the actual

yield and quality detractors can be identified and eliminated by process im-

provements. The defect monitor critical areas of the various structures are

compared to the product chip critical areas to determine the necessary defect

monitor level yield to be able to obtain a specific product chip yield. Typical

problems which are detectable on the monitor are:

(1) Metal and polysilicon opens and shorts

(2) Missing and extra field oxide

(3) Missing and enlarged contacts and vias

(4) Dielectric defects

(5) Junction leakage

These test sites are stepped into product chip and line monitor mask sets.

Line Monitor Test Site

The line monitor test site is a large array circuit like a RAM or ROM which

has large critical areas. A RAM or ROM is used for its extreme density,

simple testing and fault location capabilities. The line monitor test site
is a stand alone mask set which is periodically processed in the line in

order to obtain a routine measure of the line performance from a circuit

standpoint. The RAM/ROM is electrically tested to determine its faults. The
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test data is manipulated via computer to get,bit fail maps which locates the

failing bits physically on each chip and gives an indication of the type of

defect. Each Chip is visually inspected at each failing site to determine the

actual physical defect. Often, delayering techniques are necessary in order

to be able to identify the faults which are buried beneath dielectric and metal

layers, such as at gate oxidation. Summary of the defects found by this tech-

nique gives the total photo limited yield (PLY) which can be compared to the

process line PLY measurements. As with the defect monitor test site, the

critical areas can be calculated for the RAM/ROM and compared to product chip

critical areas. Thus, to be able to obtain a desired product chip yield, the

line monitor lots must achieve specific calculated yields.

SUMMARY

As VLSI circuits become more complex, and dimensions are reduced, the elec-

trical characterization strategy can be quickly located and identify the

fault and determine the magnitude of the problem. Then through visual and/or

SEM evaluation, the actual physical problem can be isolated. Thus using this

information plus the parametr@c data, the quality of the wafer lot can be
assessed.

Reference

l.lMm MOS FET VLSl Technology: Part I to VIII, IEEE Transactions on

Electron Devices, Vol. ED-26, No. 4, April 1979, pages 318-378.
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MANUFACTURING CONSIDERATIONS

E. R. Wolfe
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TECHNOLOGY INSERTION FOR SPACE APPLICATIONS

Kirk D. Lemon Jr.

Group Manager - Space Business Unit

National Semiconductor Corporation

The quality of new technologies and the ability to insert them into space

applications is going to be directly related to how effectively the current
standardized qualification system is adapted to VLSI characteristics.

We are emerging from a time when the military was a large portion of the

semiconductor market, where time and money did not adversely affect the

rigorous qualification of microelectronic component. This is not true

today and will not be true for the "silicon systems" of tomorrow.

The areas of concern can be related to the current methods of MIL-STD-883

and the requirements of NIL-M-38510 and MIL-STD-976. Especially sensitive

areas are that of visual inspection, testability, test equipment, radiation

testing, and the new high density packages needed to accomodate these

technologies. In space programs where reliability is the key measure of

success and where simulation testing is so time consuming, it requires that
cemplete control of the processes involved be established.

The methods by which to change the existing system to accomodate these new

products are still undefined but it warrants investigation into several

areas. Some consideration should be given to establish accepted safety
factors, study correlation in detail, develop better test hardware,

provide access to radiation test facilities, use as much past experiences

as possible, and combine the expertise of all companies to help define
the best possible solutions. All of this effort should be focused on the

main objective of dramatically improving our space systems.
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SUMMARY OF ISSUES

AND RECOMMENDATIONS



PARTS

SU_RY OF

ISSUES AND RECO_ENI_TIONS

I. Space Requirements

Issue

Lack of standardization of government space

requirements. Ineffective implementation of

standardized requirements.

Re C ommen da t i on s

Establish commonality between Air Force and

NASA. Enforce current standardization policy.

a) Customers (e.g., NASA and AF) have not

standardized parts management and

technical requirements for Space System.

This has resulted in a proliferation of

requirements on primes and subs and

nonstandardizatlon of part requirements.

Space parts requirements should be

standardized.

b) Variation in standardization requirements,
i.e., screening requirements inhibit

advance testing and stocking of devices

for multiple space programs. It is recom-

mended that requirements across programs

be standardized and tailoring of detail

requirements for each program user be

disallowed.

c) The monitored line is nonstandard and not

compatible with JAN Class S parts. The

differences between the monitored line and

JAN Class S parts should be resolved.

Suggested OPR

Air Force/NASA

2. Multiple Specifications for Identical _rts

lssue

There are multiple specifications [e.g.,

Specification Control Drawings (SCDs)] for iden-

tical part types for space applications.

Recommendations

Identify an agent and establish procedures.

Commonlze approach to a single parts system.

a) The continued use of a variety of SCDs by

the various space projects to procure

space quality parts adds significantly to

the overall cost to the Government. A

means to afford standardization of such

SCDs to some central requirement is

needed. Agencies should adopt the policy

requiring SCDe be prepared as DESC select-

ed item drawings, for example, and co-

ordinated through a central review to

preclude specification duplication or

reduction of space quality requirements

without waiver. Space quality SCDs and

central review activity functions should

be developed.

b) Avoid specification duplication in the

specifying and procurement of upgraded JAN

Class B or JAN Class B or JAN Class S

equivalent parts. Have a specification

format which must be used when JAN Class S

cannot be obtained. This could be an

appendix to MIL-STD-1547 and would force

each user to have the same specification

initially,

c) There is a need for Qualified Products

List (QPL) JAN Class S electromechanlcal

and passive parts. JAN Class S parts

program should be expanded to include

electromechanical and passive parts.

Suggested OPR

DESC RADC Space Division NASA

3. Lead Times

Issue

Lead times on space quality parts are usually

not compatible with program schedules. Identify

those measures that can be implemented to make lead

time congruent with program schedule with no impact

on product quality.

Recommendations

JAN Class S and "S equivalent" delivery times

are such that they hinder use on many programs.
Also, the cost differential between JAN S and 8

classes is such that many programs such as Avionics

are discouraged from using JAN Class S, thus hin-

dering efficlencles attainable through greater
volume.

Determine alternatives to reduce the cost and

delivery times of JAN Class S while retaining moat

important quality aspects of JAN Class S. For

example:

a) Revise Wafer Lot Acceptance Criteria.

b) Revise Quality Conformance Inspections

(QCI) to be similar to JAN Class B instead

of required on every lot.

4. Anticipated Use Requirements

Issue

Parts manufacturers are not provided adequate

insight into anticipated usage requirements of

space quality parts. Manufacturers complain they

do not see anticipated market, i.e., what parts and

quantities will be ordered in the near future.

Parts suppliers do not have sufficient visibility

of JAN Class S market to risk costs to get on the

Qualified Products List (QPL).
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Recommendations

Establish and implement space part usage fore-

casts and provide to part manufacturers.

wafer lot acceptance causes up to 14 wee_s delay in

delivery.

Recommendations

a) A parts industry association undertake the

task of obtaining appropriate data and

providing forecasts to parts

manufacturers.

b) Air Force and NASA should have a standard

usage list. Contractors should provide

manufacturers lists of what types and

quantity will be used on near term buys.

c) Government consolidate gross estimate data

(e.g., new starts and program dollar

estimate).

d) Reduce cost risks to get on QPL.

5. Small Quantity Purchases

Consider limited usage qualification program

where appropriate.

a) Modify present QCI requirements to reduce

to JAN Class B requirements. Reason -

reduce manufacturers deliveries by I0

weeks and effect a cost savings of

approximately $3K per lot.

b) Revise wafer lot acceptance for limited

usage JAN Class S to a scanning electron

microscope (SEM) inspection only. Reason-

reduce manufacturers deliveries by up to
14 weeks.

7. Prompt Resolution of Space Quality

Requirements

Issue Issue

Industry and Government practices are not

responsive to small quantity purchases of space

quality parts.

Reco_endations

Develop practices to accommodate small pur-

chase requirements, e.g., establish a stocking bank

and consolidate purchases. AF/NASA provide funds

for a contractor/agent/depot to procure, stock, and

sell JAN Class S parts to contractors with small

quantity needs.

Soma uses of JAN Class S parts have shown them

to be more cost effective than "S equivalent parts"

but several circumstances still make procurement

difficult, e.g., low volume, required high perfor-

mance and quality, long delivery lead times, high

front-end costs, prollferation of cheap "S look-

alike" parts and conflicts concerning source

inspection.

a) Reassess first buy and lot-related front-

end costs.

b) Minimize substitution of JAN Class S look-

alike parts.

c) Encourage large project joint procurements

with the transfer of residual to a central

supply.

d) Space programs should be authorized ade-

quate lead time and funding to procure JAN

Class S parts.

e) Consolidate cost data for distribution to

programs/project managers.

6. Cost Effective Part Qualification Requirements

Advances in high technology parts require

prompt resolution of space quality requirements.

Current concerns include packaging, testability,

Inspectabillty, and radiation hardness. Current

qualification requirements are too stringent and

costly for low usage complex devices. High density

designs promote package proliferation. No stan-

dards exist for high density wafer fabrication

process monitors (KERF) or test chips (defect

monitors). Available test equipment for complex

devices is limited. Junction temperature control

is critical in high density design. Radiation

effects on various technologies are not understood

by manufacturers, nor are imposed as design

requirements. High power (100x) die visual (883/

2010) is ineffective for Large Scale Qualification

Integration (LSI) densities. Current MIL-SPEC

screening may be inappropriate for high density

designs.

a) Consider limited usage qualification

requirements.

b) Create standardization system for packag-

ing prior to use in space applications.

c) Define fundamental requirements and

uniformity criteria, and evaluate as a

possible qualification technique.

d) Define testability requirements for com-

plex devices which are compatible with

existing equipment.

e) Establish power density/thermal package
characteristic requirements to ensure

proper control. Develop burn-ln and test

hardware to control case temperatures, or

consider reduced application operating

temperature.

@

Issue

Current part qualification requirements are

not cost effective for low usage complex devices.

Present JAN Class S Quality Conformance Inspection

(QCI) requirements may cause 10 week delay in

delivery and cost $3K to 56K per lot. JAN Class S E-66

f) Publish known radiation effects by tech-

nology, with recommended design derating

criteria/precautions such that designers

can consider these criteria and simple
solutions at initial design.



g)

h)

Establish In-process control standards in

wafer fabricatlon, and rely more heavily

on electrlcal testing.

Reevaluate cost effectiveness, reliabil-

ity, and risk tradeoff factors on test

factors such as wafer lot acceptance,

nondestruct bond pull, quality Conformnce
Inspection (QCI), and critical path AC

tests. Incorporate in 38510/88_
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